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M E E T I N G 

(8:30 a.m.) 

DR. NGUYEN:  Good morning, everybody, and welcome back to the second day of 

our workshop on Expediting Innovation of Bioelectronic Implants for Vision Preservation. 

My name is Tieuvi Nguyen, and I'm the Director of the Ophthalmic Devices Division at FDA. 

I want to start off today by again thanking all our presenters, panelists, moderators and 

patients for the wonderful discussions yesterday. 

The first day really provided an amazing overview of the different types of implants 

and thoughtful discussions on important ethical, socioeconomic and psychological 

considerations that should be considered within the context of the patient populations 

these devices are intended to help. We also heard directly from patients, who bravely 

shared their personal experience living with vision loss, and for a few, living with an 

implanted device.  Importantly, we learned what they would consider as meaningful 

improvements to their vision, health, daily activities, or quality of life, with respect to using 

an implanted device to help manage their condition. 

Today, we will focus our discussions on key clinical issues that need to be addressed 

to expedite the availability of these novel therapies to patients, including important safety 

and effectiveness concerns to consider during device development, and funding and 

regulatory opportunities that can assist manufacturers in bringing their devices to market. 

So during yesterday's session, we did receive a few questions regarding postmarket 

responsibilities after a device is approved.  And these are really great questions, which we 

plan to discuss later this afternoon in Session 7, so stay tuned. 
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As a reminder, at any time during today's webcast, you may email us your questions 

by clicking the "Ask a Question" icon, which looks like a little thought bubble on the right 

side of your screen, and we again will do our best to answer as many questions as possible. 

So, let's get started. 

Our first session today will focus on safety assessments that are critical to the 

evaluation of bioelectronic implants.  Dr. James Weiland will get us started.  Dr. Weiland is 

an Associate Chair for Research and Biomedical Engineering at the University of Michigan 

Medical School. 

Thank you, Dr. Weiland. 

DR. WEILAND:  Hello everyone.  I'm Jim Weiland. I'm going to talk about implant 

safety regarding visual and retinal implants.  First I'll talk about some of the general safety 

considerations as I see them.  We'll review clinical evidence for implant safety for epiretinal, 

subretinal, suprachoroidal and visual cortex prostheses, and then we'll summarize. 

So what are some safety considerations for, I guess, any implant, certainly visual 

prosthesis implants? First of all, we think, does the implant harm the person?  And this 

doesn't mean there's no effect. It means, are we harming that person by preventing the 

implant from functioning? So is there some foreign -- we expect a foreign body reaction 

when we put something inside the body.  But does this reaction prevent or significantly 

diminish the intended operation of the implant if that occurs? I would say the person is 

harmed because they have this implant that's then not functioning. 

And then a second question we can ask is, is this foreign body reaction stable and 

limited?  And if that's the case, then maybe it's going to be tolerated and the implant can 
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still be functional.  A second question we should ask, I think, is does the implant survive in 

vivo? If an implant breaks, it is no longer functional. Then the individual carries risk with no 

benefit, or they have to undergo a surgery, which also carries risks, to explant the device. 

Even if the broken implant is benign, yeah, I think it still carries some risk to the person. 

And then, as we look back at these clinical studies, and the clinical evidence for 

safety, we should try and figure out which of the design features seem problematic.  And 

there is some evidence that those do exist for retinal implants. 

So we'll start with an epiretinal prosthesis.  Now the typical configuration, it has a 

camera on a pair of glasses, with wireless transmission to an implant.  And the most 

prevalent visual prosthesis, let alone epiretinal prosthesis is the Argus II, which shown here. 

Here is the camera, processor, transmitter coil, receiver coil. Now we're on the implant 

side. All of this is the external wearables.  This is the implant, that wraps around the eye. 

This cable goes into the eye, then as viewed through a dilated pupil, you have an array 

which is tacked to the retina. 

So safety considerations from this implant, there's many of them, actually. Starting 

with the external system, you get a key from the operation of its components.  This coil has 

quite large currents, hundreds of milliamps, if not amps of current are going through this 

transmitter coil, to create enough of an electric field to inductively power the implant. So 

that carries risk. 

The wireless link itself results in power deposition in the person's head and eye, and 

the possibilities for electromagnetic interference, since radiofrequency signals are being 

used for transmission.  The implant itself operates inside the body and generates heat. 
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There were questions as to whether electrical stimulations -- so each one of these 60 

electrodes is going to carry electrical -- is going to electrically stimulate the retina.  That 

needs to be done safely. And then mechanical interactions, the materials used to make this 

implant are much stiffer than the tissue of the eye.  So how is that affecting the safety of 

this implant? 

So I'm going to say that these four bullets are really engineering issues that are 

largely solvable.  They have to be taken care of. The have to be documented. They have to 

be demonstrated. But they can be -- I don't feel that these present a huge challenge to us. 

I think that we can manage these. Safety of electrical stimulation is perhaps still an open 

question. I don't think that they generally have that solved as well, addressed as well. 

There are a couple of issues I want to bring up.  But really, implant mechanical interactions 

with the eye seem to be the important safety concerns that remain for retinal prostheses, 

certainly epiretinal prostheses. 

So let's talk a little more about the Argus II. It has approval from both the FDA and 

has received a CE Mark.  It's been over 300 implants in people around the world. And what 

we're going to talk about here is clinical trial safety studies.  And then after it was approved, 

it received regulatory approval, there were post-approval trials that also looked at safety. 

And then, as mentioned, we'll look at some evidence for electrical -- and some concerns 

with electrical stimulation safety.  Though it largely appears to be safe, there are some 

concerns I want to review. 

So, in the Argus II clinical trial that resulted in approval of the device, there were 30 

subjects enrolled at multiple sites in Europe.  There's a summary, nice summary of the 5-
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year time point, first off at da Cruz, published in 2016. And the main safety findings were 

that the device was reasonably robust.  There were two device failures after two full years. 

I'm not sure if they can tell this conclusively, but there was some suggestion this was due to 

mishandling of the implant during surgery. But again, I don't know if there is documented 

proof of that. 

And the other safety finding is that mechanical interactions caused serious adverse 

events. Here is the table that was published as part of that study of the SAEs at year 3 and 

year 5 after implantation. So these are cumulative, so conjunctival erosion, hypotony, 

conjunctival dehiscence, endophthalmitis, all these can be, in my view, linked to the 

presence of extraocular components, the need for it to have a cable across the sclera into 

the viscous cavity, and that, for a retinal array. 

But the good news is, there definitely were no cumulative, no additional adverse 

events after 3 years into 5 years in this, in this group.  It looks like there was one additional 

retinal detachment.  So overall, what happened, by year 3, was also happened by year 5, 

though they do note in the paper that there were serious adverse events post year 5. But 

since this was, they were reporting up to only the 5-year time point, this is what was 

included. 

So that was the clinical trial of the Argus II. And after approval there was a study 

done, led by Schaffrath, and looked at 47 German and Italian -- 47 patients that were 

implanted at German and Italian sites, and then tracked for 1 year or more. They found 

nine severe adverse events. Again conjunctival erosion, hypotony are leading the way, 

which resulted in two explants, slight reduction in the percentage of severe adverse events 
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in the first year, compared to those with the clinical trial. But I would call this similar, given 

the number of patients we're talking about, so the number of serious adverse events in this 

study didn't change. 

In contrast, a study with -- a post-approval study with 17 patients implanted in 

France, looked at patients up to 24 months.  There were no explants or device failures in 

this. Interestingly, there were conjunctival erosions. Perhaps there was a surgical approach 

adopted here that was slightly different. And there was a case of conjunctival cysts 

forming.  So in this case, the severe event, adverse events were in fact slightly lower, or 

significantly lower, I would say. But these were only followed up to 24 months. 

Now there's a couple of publications on management of adverse events. So the 

community got together, led by Stanislao Rizzo, who did a large number of implants in his 

clinic in Italy.  In Retina and British Journal of Ophthalmology, they published "The 

Management of Conjunctival Erosion," and again, these two adverse events, hypotony and 

conjunctival erosion really point towards mechanical design as a critical safety feature for 

retinal implants. In particular, the presence of extraocular components, which necessitates 

a transscleral cable, are things to consider in designing future implants, whether we can 

eliminate those. And there are some -- and the newer epiretinal implant, which has done 

just that.  I'll show you, in a minute. 

And so, and in one of the studies it mentions that this is a similar rate of adverse 

events to glaucoma shunts.  But I would argue that that's different. I mean, a glaucoma 

shunt is the -- I'll leave that up to my surgical colleagues to comment on this in the 

discussion. But a removal of a glaucoma shunt, I would think, would be perhaps a little 
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simpler, and the impact is certainly different and maybe greater, if an electronic remote 

prosthesis has this adverse event versus a glaucoma shunt.  But like, as I mentioned, I'll 

defer to the clinicians who will be on the panel following this talk. And we can perhaps 

discuss that. 

Some other Argus II safety considerations were, there was a noted epiretinal fibrotic 

membrane formation.  This was documented by Rizzo in a 2019 study, where he reported 

on 20 patients where 10 had an epiretinal fibrotic membrane.  This progressed to 

retinoschisis, a break in the retina, in nine of ten cases. However, this didn't decrease their 

ability to use the device. So yes, there was a foreign body reaction, but it didn't decrease 

their ability to localize squares or to detect direction and motion, the two standard vision 

tests that these patients went through. 

In terms of electrical stimulation safety, for the Argus II the limit was 0.35 mC/cm², 

which is below this documented safe limit for the electric material, which was developed by 

Second Sight, Platinum Gray. They had permission to increase the charge density to 1 

mC/cm².  This was used clinically without any apparent damage to the retina. It's judged by 

the threshold being unchanged. Or the device, the device impedance was not affected by 

this.  And this was reported in the Ahuja 2012, and I know we've done this as well. 

And one negative effect of stimulation was noted, however, where if simultaneous 

stimulation, so that's every one of these 60 electrodes is turned on at the same time, or 

maybe even 10 of them, then the current travels in a loop.  So that current that comes out 

of these electrodes needs to return to the circuit somehow. And the way it returned is 

through this case. So if you turn on many of these electrodes at the same time, all of those 
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individual currents are summing at this case, and that caused, suspected to cause tingling 

and a twitching sensation in some patients.  So what was done then is time interleaving in 

the pulses, so each electrode -- there were probably still some that were on simultaneously, 

but there weren't as many.  There were using a strategy that was called interleaving.  So 

pulses were applied at different times. 

I don't know if this has been documented anywhere in a publication, but I do know, 

anecdotally, that this was a change that was made. But generally, electrical stimulation 

seems safe.  There doesn't seem to be any untoward effects of applied electrical stimulation 

chronically to the retina, at levels that produce the perception of light.  So there seems to 

be a therapeutic window. 

Some other epiretinal devices, this is the Iris II, which is an epiretinal implant similar 

in design to the Argus, extraocular components, a tack to hold the array in place.  It 

received CE Mark but to my knowledge it was never produced commercially.  I think that 

the company that produced this device, Pixium switched to the Prima as their main effort. 

However, there was a report that described six months' follow-up on these patients.  And 

ten patients were followed up.  There were six serious adverse events, 11 non serious 

adverse events, so that's AEs, again hypotony.  There was a tack that dislodged, 

interestingly, leg phlebitis developed, that's probably a surgical issue, and then persistent 

eye pain. 

The non SAEs, there's a -- they were mild, judged as mild, resulted in interventions. 

There was no discussion of fibrosis with these arrays. But these only went out to six 

months. 
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There's a new implant that's been implanted now in nine patients, per (indiscernible) 

paper. This has 576 intraretinal electrodes, so you might not be able to make this out, but 

each of these is a little needle that is, will penetrate into the retina.  This is entirely 

intraocular, so there's no -- this implant sits in the eye, as shown here through a dilated 

pupil, in a human.  And it's held together by this innovative fixation device, which is fixed to 

the iris, and has a spiral type arrangement to hold the device in place. I just think that's 

very clever. 

This is, again, improvements on prior epiretinal devices, completely intraocular, no 

tack. It gets its power from infrared, that's broadly projected widely into the eye. And then 

there's a camera, which detects images that are translated into electrical stimulation 

pulses. So possible safety concerns, the pressure from this spiral fixation structure, the 

mechanical interface with the retina, we're now penetrating into the retina, and simply this 

little cube is going to form a mechanical interface as well. So those -- there's no discussion 

of that in this paper. It's fairly early. But it's a -- those are the things that I would be 

concerned about with this implant. 

So, for epiretinal safety summary, there's a interesting line from da Cruz 2016 that 

states that any chronic implant in the eye carries a continual risk of SAEs. And I think that's 

a very concise way of saying that there is going to -- as long as you put something in the 

eye, it has a risk. And as I said before, this study noted several new SAEs emerging after 5 

years. 

The fibrosis cause is unclear.  It doesn't seem to -- Rizzo was unable to relate this to 

the tack. He saw fibrosis forming away from the tack in many implants, but this didn't seem 
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to affect function. Electrical stimulation at this high level, in clinical testing, does not 

appear to cause harm to the retina. But for the most part, this was done for a short time, 

and electrodes were often tested singly at this level. Continuous use of multiple electrodes 

at such a high level needs to be proven safe.  Argus devices are still functioning in patients 

10 years post implant.  And this is the new design, the NR600, avoids extraocular 

components, which I think is important for better safety. 

Moving on to subretinal implants. Twenty years or so ago, Optobionics was -- this 

device was, the artificial silicone retina was being tested in humans.  What I was able to find 

in my review was that there was a 2004 publication that showed no patient rejection, 

infection, inflammation, erosion, and so on.  And subsequent ARVO abstracts confirm these 

initial findings, this is a benign implant. So this did not really function as a prosthesis 

creating direct stimulation of the retina, but it didn't seem to do any harm to the eye or 

retina. 

The Alpha IMS is a more recent, the IMS, and then the AMS, which was the later 

version, the more updated version of the device. So I'm talking about the -- I'm going to 

report on a 2017 study, that described 15 patients with the Alpha AMS, and found several 

adverse events, movement of the implant, which was adjusted in a second surgery, four 

cases of conjunctival erosion in 15 patients. And these were successfully treated.  And 

again, pain around the coil, and then an issue with the silicone oil tamponade. 

And in Edwards 2018, a single site study, I think this was in the UK, found two cases 

of -- a study of six patients, found two cases of conjunctival erosion. So subretinal implant, 

why are we getting conjunctival erosion?  Well we still are, have extraocular components in 
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this device. So in spite of the fact that it -- so B is a closed scleral patch. So in spite of the 

fact of this scleral patch, there are still extraocular components, and that, in many cases, 

wore through the conjunctiva.  So that extraocular components, even in subretinal devices, 

appear to be a concern. 

The device, a device that's in testing now, in clinical testing now, the Prima, has no 

extraocular components.  This is a subretinal infrared photo diode array, so a key difference 

from Optobionics.  This is a infrared microphoto diodes, and infrared light is projected in to 

activate these at a high enough intensity such that stimulus current can be produced that 

elicits a response from the retina.  And this has been supported by two publications, here 

most recently in 2022, when there was a report of 24-month data. 

And visual acuity appears stable, which suggests safety, in two participants. The 

Prima is not used outside the clinic, however, so it really was not used chronically. But still, 

the presence that there was did not -- its presence, physical presence did not harm the 

retina, and electrical stimulation that was done did not harm the retina. Five implants were 

reported. Three were well-positioned, as shown here.  This is in age-related macular 

degeneration. 

One implant was inadvertently placed in the choroid, and one was extramacular, and 

those are in the publication, but they're not shown on the screen. In terms of device, the 

device lasting for some period, long period of time, Pixium has an innovative coating 

technology which they have published a long-term characterization of, so I think this is a 

great innovation, not only for retinal implants, but for implants in general. 

My concerns about this implant are the rigidity of silicone, and particularly in this 
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OCT, you see this displacement of the retina, that appears fairly significant. And in all of 

these, the contour of the retina has changed. So, the implant is certainly not doing nothing 

to the retina, but again, the stability of the visual function in two patients is good news, but 

more data is obviously needed, over a larger group of patients here. 

So to summarize the subretinal implants, untethered subretinal chips appear to be 

benign, such as the Optobionics device and the Prima.  So when I say benign, I mean we're 

not causing conjunctival erosion. There's still some distortion to the retina. And surgical 

techniques used, to be critical to the success.  We don't want to -- we know that the extra --

they're working on ways to prevent implants going into the choroid, and these are simply 

training, or is there instrumentation that can be developed to prevent that from 

happening? 

Extraocular components -- well I guess there's really only one case where the, with 

the Alpha AMS.  They seem to have the severe adverse events to epiretinal devices, which is 

interesting. It might be due, again to these extraocular components.  And innovative 

packaging of the Prima allowed it to continue operation of the implant, whereas previous 

efforts with silicone retinas and standard packaging, such as silicone dioxide failed. 

I'm going to review one suprachoroidal implant.  It's just a device from Bionic Vision 

Australia.  This is their 44-electrode device, shown here. It looks like it's based on two 

cochlear implants, which is something that folks in Australia are very familiar with, and have 

a strong technical background in, so that's an actually reasonable idea to do that. Again, 

this is not an epiretinal device, but there is a -- to get to the suprachoroidal space,  there's a 

surgical approach that involves potentially risks of conjunctival erosion, as is shown here. 
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So what was -- this has been implanted in seven patients, chronically, for now. 

There's a recent report, Tichener 2/28/22, also Petoe 2022, that describes the stabilization 

of the electrode-retina distance, and that's what's shown here.  So that is, indicates some 

movement or fibrosis, but eventually stabilization, okay, in distance between the electrodes 

and the retina. 

They have a conservative charge density limit, expecting the second study, the four-

patient study, in the four-patient study of 32 mC/cm², which apparently was achieved by 

making the electrodes bigger.  And this is motivated by the findings in the three-patient 

Iowa study, where a higher charge density was used, and fibrotic tissue growth was noticed. 

So here is some evidence that electrical stimulation may be having an untoward effect that 

we want to avoid, and we need to limit charge density. 

The scleral patch is used, as noted here.  And then a summary of all patients, this is 

an ARVO abstract by, with the first author, Allen in 2022.  It stated that the patient 1 array, 

and patient 2 array both had some movement associated with them, and that patient 6 had 

a temporary choroidal effusion, which settled spontaneously. So, there is not too many 

adverse events within the two years that these patients had been observed. So this seems 

to be a relatively safe and stable implant. 

So visual cortex implants, briefly on these, we had a long history of this.  One 

negative side of this is that overstimulation caused seizures. And penetrating electrodes 

were viewed as risky.  Over the last couple of decades though, advances in brain-machine 

interfaces for paralysis and epilepsy really established surgical techniques in a really nice 

basic technology that essentially revived visual cortex implant activity and research, and 
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industry.  Second Sight produced the Orion cortical implant. Now this is in a clinical trial.  It 

uses surface electrodes and Argus II technology.  There's been a report of serious -- no 

serious adverse events when using the Neuropace epilepsy implant as a proof-of-concept 

cortical prosthesis.  And the same group then worked with Second Sight to make the Orion. 

Phil Troyk of the Illinois Institute of Technology has recently received FDA approval 

to test a visual cortex implant with penetrating electrodes. And there's a preclinical study 

by McCreery, 2010 that described the preclinical safety of this device, a similarly designed 

device.  And we're really looking forward to hearing the results of this study.  My 

understanding is they've implanted one patient so far, and we're looking forward to hearing 

about that. 

Fernandez put (indiscernible) arrays in a patient, a blind patient for six months, and 

reported -- regular testing reported stable perceptual thresholds throughout the entire test 

period.  And this is what we have so far.  This is what I was able to find and summarize for 

you, regarding visual cortex implants.  So really, it's early days for this generation of visual 

cortex prostheses, and the small patient numbers, and limited usage really don't give us a 

sense of device safety just yet. 

So, my assessment then of visual prostheses, and this includes both retinal and 

visual cortex prostheses, is that electrical stimulation is safe for the -- I have retina here, but 

I would say visual cortex. I'd say that can be done safely, and produces sensation of light 

within safe limits.  Charge densities up to 1 mC/cm² have been applied to the retina, and 

there's no evidence of damage.  Now this is not something that's been done chronically.  

Risks are, seem to be linked to extraocular components.  So there should be a strong 

Free State Reporting, Inc. 
1378 Cape St. Claire Road 

Annapolis, MD 21409 
(410) 974-0947 



 
 

 
  

  
 

 
       

    

        

        

     

      

      

     

  

         

    

       

         

       

      

    

     

 

       

 

        

   

23 

motivation to get everything inside the eye. The Prima does that. The NR600 does that, 

and I think that should be what the teams should strive to achieve. 

And safety to be determined.  This is for visual cortex implants, that should -- safety 

should -- is to be determined. My expectation is that the risk of these devices will be similar 

to other brain implants such as deep brain stimulators and epilepsy implants.  In putting 

this talk together, I was happy to see that the -- how much documentation of the good and 

bad outcomes has been done by research and industry.  And this is really important for the 

future endeavors, and we should all encourage and support this type of work, and 

participate when it becomes available. 

I hope these slides are available generally to you.  I'll go slowly through the citations, 

so that if you're watching a recording of this you can perhaps take a screenshot and look at 

these.  These are the citations I used for this talk. Thank you. 

DR. NGUYEN: Thank you, Dr. Weiland, for that terrific overview presentation.  Now, 

I would like to introduce Dr. Michael Repka, who will serve as the moderator for the next 

panel to discuss the safety considerations for the development of bioelectronic implants. 

Dr. Repka currently serves as Vice Chair for Clinical Practice, and Division Director of 

Pediatric Ophthalmology and Adults for Strabismus at the Wilmer Eye Institute of Johns 

Hopkins University. 

Dr. Repka is also the Medical Director for Government Affairs of the American 

Academy Ophthalmology.  Please welcome Dr. Repka and our panelists. 

DR. REPKA:  Thank you, and good morning to all. This is certainly an exciting 

program, and we have quite a wonderful panel that will be joining us for these key 
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questions on the evaluation of bioelectronic implants. So, joining me today are Dr. Gislin 

Dagnelie, who is an associate professor of ophthalmology at the Johns Hopkins University 

School of Medicine, and Associate Director for Research of the Lions Vision Research and 

Rehabilitation Center. 

Dr. Mark Humayun is a professor of ophthalmology and biomedical engineering at 

the University of Southern California, with long work in this space. 

Dr. Raymond Iezzi is a vitreoretinal surgeon and biomedical engineer at the Mayo 

Clinic in Rochester, Minnesota, with extensive experience in prosthesis design, 

development and implantation. 

Dr. Robert MacLaren is an ophthalmic surgeon who has implanted 12 patients with a 

subretinal electronic retina, and who also has performed the world's first robotic eye 

operation in 2016, from the University of Oxford in the U.K. 

Dr. Joseph Martel is an assistant professor of ophthalmology at the University of 

Pittsburgh.  Dr. Martel is a vitreoretinal surgeon with interest in novel vision restoration 

approaches for retinal degenerations. 

Dr. José-Alain Sahel is a clinician scientist working on vision restoration and vision 

preservation approaches, and was introduced yesterday, currently from the University of 

Pittsburgh. 

And Dr. Philip Troyk is the Executive Director of the Pritzker Institute of Biomedical 

Science and Engineering, professor of biomedical engineering at the Illinois Institute of 

Technology in Chicago, and is team leader of the Intracortical Prosthesis Project just 

mentioned in the prior talk. 
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And lastly, Dr. James Weiland, who just spoke in the prior talk on the bioelectronic 

implantation in the retina and in the cortex. 

So, the program for our panelists is to discuss four questions to help FDA develop 

future guidance on these implants.  And we'll address each of the questions, and we'll have 

a discussion of those questions as we go. 

So the first question is, in the current IDE retinal implants guidance, FDA considers 

nonclinical testing such as biocompatibility, sterility, animal testing, benchtop testing as 

important to characterize safety prior to implantation in human subjects. What do you 

recommend as additional nonclinical tests that are needed in order to establish safety prior 

to human implantation, or that cannot be adequately captured in a clinical study, and would 

need to be demonstrated preclinically to mitigate patient risks? 

So, given Dr. Weiland's coverage of some of this subject in the prior talk, I'm going to 

ask Dr. Weiland if he could comment first. 

DR. WEILAND: Well thank you, and I'm glad to see my -- this panel has joined this 

morning.  So I think MRI effects should be part of preclinical testing.  This can be done with 

phantoms, with simulations, and I think that given the prevalence of MRI in medicine, that 

we do not want to preclude patients from having this evaluation or procedure. We 

shouldn't make them choose between having an implant and having an MRI in the future. I 

think that that's something that we did with the Argus II, after the fact, honestly, after the 

design, but it should be part of a preclinical evaluation. 

DR. REPKA:  Great, thanks. I think Dr. Dagnelie has some interest, if he has joined. 

DR. DAGNELIE:  I have. 
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DR. REPKA:  Okay great, Gislin. 

DR. DAGNELIE:  Sorry I was late.  Yes.  I think -- I haven't been too much involved in 

the early stages, the preclinical stages, so when it comes to material safety, biocompatibility 

and things like that, I can't say much about that, but certainly the point raised by Jim 

Weiland about the MRI compatibility is an important one, because we've run into that a 

number of times with Argus II patients. And we are currently running into that also with the 

ICPP patients in Chicago.  The question is, can you still do this safely?  And there are 

established methods to demonstrate MRI compatibility, so I think that that's really an 

important one.  I don't have any other aspects to offer right away. 

DR. REPKA:  Yeah.  So it sounds to me like you're, both of you are sort of pushing 

that MRI is a clinical test the patients need for many other reasons, and needs to be able to 

be performed with this device or one of these devices implanted. 

DR. WEILAND: Another -- there's that.  I will add the -- and this is something we, 

Michael, I'm remembering a discussion we had last week of the lack of a good animal model 

for the mechanical aspects of the device. And this is something that Mark and I have 

discussed in the past, how the conjunctiva of a large animal such as a pig or a dog, a young 

pig or dog is much different than the conjunctiva of an old person. So Mark can perhaps 

elaborate on that, our experience with, you know, the preclinical testing of Argus II and how 

some of the differences in our patient population versus what we were able to access in the 

lab animal models. 

DR. REPKA:  Great.  Dr. MacLaren has raised his hand, so I'd just remind the panel to 

unmute as well, as we go. 
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DR. MACLAREN: Just to add, Mark, I mean, there are two points here.  The first is, if 

the device is magnetic and moves to a certain extent, it shouldn't necessarily exclude it 

from being marketed. It's just that it needs to be marketed with caution. And people need 

to be made aware that they can't go get an MRI with it. It's possible, for instance, to have 

high-resolution contrast in hard CT scans of the head and neck, which actually give pretty 

good resolution. 

The second comment is about the testing.  Again, I think that, you know, a biological 

model is not necessarily the best one for the MRI testing. I'm sure that the MRI experts will 

have much better ways of assessing how devices behave in an MRI scanner than the 

companies and academics who are developing ocular devices.  And I think, in terms of the 

safety aspect, again just the final answer to that, one of the things that the biological 

system gives us is an opportunity to look at the long-term preservation of the device, and 

also the likelihood that it might corrode, or short circuit or have any other defects resulting 

from being in the high-saline environment of the eye. 

This is something that's almost impossible to replicate in vitro. And again, it's 

something that perhaps from a safety perspective, the company should be asked to provide 

some information on the longevity of the devices in the ocular environment. 

DR. REPKA:  Great.  Dr. Sahel mentioned about something along these lines with 

some other aging testing. 

And Dr. Sahel, you might want to elaborate on that. 

DR. SAHEL: Well actually, it's very important that accelerated aging of these devices 

is performed and that the protocols be validated, because there is a lot of variability across 
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so many devices (indiscernible) been testing as we go, using accelerated aging technologies. 

So sometimes that's (indiscernible) reassuring. I have to say, but from the experience we 

had with the Argus II, which we started to implant 13 years ago, 14 years ago, the first years 

are the most critical.  After that, things become pretty stable in most of the patients we 

have seen. So it's really -- I'm not sure it's an aging phenomena. It's really probably the 

surgical part of it, and the maintenance over the first year that matters most in these 

patients. 

But the accelerated aging and all that was just mentioned by Rob MacLaren about 

the saline environment needs to be properly assessed, and protocols need to be provided. I 

think FDA is requesting that, and Europe is also requesting that, although many years ago, 

(indiscernible) in Europe were less tight in terms of devices than they are now. 

DR. REPKA:  Great, thanks. And it looks like Mark Humayun has a comment. 

DR. HUMAYUN:  Thank you.  And,  you know, I think clearly the points the others 

have made are important. One document that's out there that's extremely exhaustive, and 

Michelle and Lan, from FDA yesterday referred to it as the IDE retinal implants guidance 

document. So I think that that will serve as a good guideline.  But in addition to adding, you 

know, the importance of, you know, accelerated soap testing in saline environments and 

MRI, and of course as Jim Weiland pointed out, the differences between, you know, getting 

the right animal model, not only from the conjunctival standpoint, but they don't develop 

geographic atrophy so, you know, things are -- I mean, they can, but they don't develop it 

quite -- you can do it pharmacologically, but they don't develop it quite the way humans do. 

But aside from that, I just want to point out one other thing. No matter how careful 
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we are, you know, we are always met with some -- we can't figure out everything that's 

going to happen in the patient.  And so, I think an important aspect of this is also to start 

slow, if you're working in an early device in a patient, to do one or two subjects and then 

wait and pause and see how things work out. 

So I just wanted to add that,  you know, in addition to doing an exhaustive preclinical 

evaluation, it's also prudent, when you get into the trial, to start slowly, especially with a 

new device, do a few subjects, pause, wait to see, as José just pointed out, perhaps past a 

few months, certainly, to make sure everything is okay, and then proceed. 

DR. REPKA:  And Dr. Weiland may want to respond to that. Just reminding people to 

keep their mics open. 

DR. WEILAND: Sure.  I think -- yeah, I think that is an excellent idea.  And I know that 

Argus did a pilot study that resulted in some design changes. And it's, I think that would --

the history of that is certainly a good approach. 

I do want to -- in the chat, Dr. Sahel mentioned that he could elaborate on the result 

of limited or no conjunctival erosion in one of the post-approval studies of Argus, that 

looked at patients that were implanted in France, versus those implanted elsewhere. And 

so perhaps we could ask him to elaborate on surgical approaches to minimizing that 

adverse event. 

DR. REPKA:  Yeah. I think we'll do that in the next question, I think, which will play 

right into it. So, I think we will move on to question 2, which moves us to the human clinic. 

So, in the current IDE retinal implants guidance, FDA considers rates of adverse device 

effects as important to the assessment of safety. This includes but is not limited to the 
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following:  migration or extrusion of the prosthesis, endophthalmitis and electric shock. 

The guidance does not specify acceptable rates for these types of AEs, but recommends a 

primary safety endpoint that is based on AE rates that are obtained from the medical 

literature for similar surgical procedures, such that all events do not exceed a 

predetermined target rate for that trial. 

So, let's begin with subquestion 2(a).  What do you recommend as the primary safety 

endpoint for demonstrating adequate safety for marketing, and do you believe that very 

significantly based upon the anatomic location, or etiology of the disease being treated? 

And I'm sure I'll have many volunteers for answering this question. So, I'll just open it to --

Dr. Weiland had his hand up. 

And so, go ahead, Jim. 

DR. WEILAND: Sure.  I think from, you know, my standpoint, I mean obviously we 

can't have, you know, devices protruding from the eye.  So, but absent that, you know, as 

long as the visual function that we're creating is stable, to me that seems like the primary 

endpoint we need to be looking at. We can't -- a foreign body reaction will happen to any 

implant. It may be less or more, but there will be a response from the body when 

something is, that doesn't belong there, is in the body. 

So we can't say, no foreign body reaction. So I think we really need to look at the 

functional endpoints and their stability, and I think those are -- it's one way of thinking of it 

longitudinally as the device is safe because it's still able to produce this result. 

DR. REPKA:  So, Dr. MacLaren? 

DR. MACLAREN: Jim, I'd perhaps like to disagree slightly.  We've got a slight 
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distinction here between safety and efficacy. I would agree with you, though I dearly would 

love the devices to continue working, but if they work and then fail, it doesn't mean it's a 

safety issue. Personally, I would say that if a surgeon decides to remove the implant, that is 

usually indicative of a safety issue.  And I think that's quite an obvious endpoint that no one 

would disagree with. If the device is not working but still perfectly biocompatible and 

causing no problems, it passes the safety test without necessarily being efficacious. 

DR. REPKA:  And what about -- one of the subquestion issues, maybe for the panel, is 

the subretinal locations, for instance, that was just described were preretinal location, 

should they have different safety issues inside the eye.  And then we can go to the outside 

as well, if someone wants to speak to that. 

So Dr. Sahel. 

DR. SAHEL: I mean, the main difference is really the introduction of this extraocular 

material. I mean, this is, I think, subretinal versus supraretinal is certainly one of the 

issues. I mean, the fixation is probably what makes the difference in the two. But as 

pointed out by Jim in his talk, the main thing is the more extraocular material you have and 

the more need to go transscleral, the more likely you have issues to tackle and to be 

addressed. 

So, and then you can -- just to get into more details, we just, I think it's, infringes 

maybe online with everything, so retinal engineering the, something about the issue that 

Jim was raising about the shape of a retina over, and the subretinal implant, you were 

asking about that.  So when you were just reporting on the thickness of a retina, so I think 

it's in print, or it might be online already, in the Journal of Retinal Engineering. So we assess 
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that, actually, the impact of a  (indiscernible) implant on the thickness of a retina.  And the 

bending is not too much of an issue. A very small change in the thickness, which becomes 

stable after a few months.  So, it's not a continuous phenomenon. 

DR. REPKA:  Yeah. Dr. Martel. 

DR. MARTEL:  Yeah, hi.  Joseph Martel here.  So, I've done quite a few of the Prima 

implants, so I can speak as sort of a surgeon from that perspective.  I was also going to add 

that I think the tolerability threshold for the AE, if we're depending on the baseline's 

admission status, and underlying disease that we're treating, you know, I think that that's 

certainly going to differ in someone with end-stage AMD, where they have intact peripheral 

vision, versus someone with a retinal degeneration where the culmination of the disease 

may result in complete blindness. 

DR. REPKA:  Okay. Any comments about the say, subretinal fibrosis or peri-device 

fibrosis that you would worry about here as an AE? 

DR. SAHEL: We have not seen subretinal fibrosis, so far, with the Prima. At least 

from what you can monitor using your CT and (indiscernible), so this has not been observed 

significantly, I would say. 

DR. REPKA:  All right. So Joseph, were you finished? Because I'll move on to --

DR. MARTEL: Yeah. No, I think also, you know, measuring the, if there's any atrophy 

of the retinal nerve fibral layer, because obviously that's going to affect the ability to 

propagate the visual pathway. 

DR. REPKA:  All right. And then, Mark Humayun. 

DR. HUMAYUN: Yeah. I was just going to add, pick up where Joseph left off. I think, 
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you know, we have to put everything in perspective here. You know, if you're dealing with 

a near -- no light perception or bare light perception eye, the risks are different than if 

we're dealing with a patient with macular degeneration who, although end stage, still 

doesn't have central vision, or has poor central vision, but peripheral vision. So, you have 

to deal with these cases differently. 

And of course, we'll hear more about a cortical implant, where the brain is otherwise 

normal. We'll have to sort of weigh these things, depending on, I think the second part of 

this question, depending on the anatomic location and severity of the disease, but I do want 

to point out that, you know, these are very, very challenging problems, as we've been 

hearing, and all of us know, we've been tackling them.  To preserve vision is difficult 

enough. To restore sight, you know, is that much more difficult. 

So, you know, we don't want to make this more of a hurdle than it has to be. As long 

as, you know, we meet the safety of other similar devices in these spaces, as long as new 

devices meet what's been published in the literature, you know, I think that that should be 

a green light to continue to work rather than to not work, because this is such a big 

problem, and a difficult problem. Clearly we need to improve on things, but I think we also 

need to keep that perspective. 

DR. REPKA:  Okay. I'm going to move and include question 2(b) now. I have lots of 

volunteers. With respect to these adverse events, it's sort of an obvious question, but do 

you believe current medical literature contains adequate information, essentially for the 

FDA to establish predetermined target AE rates?  If you do, what are those that you might 

point to? And I'll just throw that open. Why don't I start with Mark, actually? 
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Is there enough in the literature now to write those? 

DR. HUMAYUN: Yeah, I think that's what I was alluding to. With the types of 

implants we've been discussing in these, in this two-day symposium, we now have ample 

experience and literature to establish predetermined target adverse events.  You know, the 

Argus II, for example, provides a nice roadmap for epiretinal implants, and similarly, some 

of the other devices we've been talking about.  So I think, you know, until we get into 

devices that look very different than what we've been talking about, at least for the ones 

we do have, I believe that there is sufficient data now in the literature to help guide us. 

DR. REPKA:  Okay, great.  Dr. Sahel? 

DR. SAHEL:  I mean, I want to go back to, for Argus, has been a large number of 

publication. I mean, all the investigators where a trial has been early stage and then long-

term publication on it.  And importantly, several groups have published the long-term effect 

postmarket.  I mean, especially in Europe, have been several publications. I think Jim 

presented with that, from Germany and Italy, and we presented, of course, the postmarket 

approval in France.  And on the question you asked a moment ago on where there was no 

erosion, we notified with protocol actually very early on, to remedy the risk of people, 

hypotony and infection. 

So what we did is, we added a scleral flap to a surgery.  So the scleral flap, and on 

top of that, we added a (indiscernible) to the surface of the implant. And we've had -- there 

was no, there was never any erosion.  There was never any indicator for any of that 

modification, which was adopted by all the French investigators.  And this is probably why 

there was no change, no such cited factor in the study. But the good thing is that from this 
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implant, all has been reported, I think at least from the clinical trial, if you look at the series 

of papers, it provides a very good basis for that. And currently, we are going -- I'm involved 

with Prima.  The same thing is happening, reporting on the short-term and long-term.  I 

think it's very important, and that the FDA makes it mandatory, but investigators have to 

report.  But I even think it's even more important because something there, maybe we 

discuss later, is the training of the surgeons. 

In the clinical trials, you are extremely careful about what surgeons are going to be 

involved in the trials. Postmarket, I think the same level of safety should be provided to the 

patient, making sure that the training and the amount of time spent to really handle any 

possible side effect during the surgery are fully laid out and prepared. 

DR. WEILAND: All right.  Could I ask, pose a question to the panel, which came up in 

our prep, and that is, is the use of the extrusion rate of a glaucoma external reservoir a fair 

marker, or a fair threshold to use for these kind of devices? Or is that simply a different 

patient, different disease, and shouldn't be used as the benchmark? 

Dr. MacLaren? 

DR. MACLAREN: Well, the key issue here, in my experience, and I would agree with 

José, is that if you were to cover the implant with sclera, then obviously it's going to be 

much more robust, in terms of getting exposed.  What I don't know is whether sclera grafts 

are available in the U.S., and if there are any restrictions in other countries. And the 

glaucoma device you mentioned, is that just out of the conjunctiva, or is there also a scleral 

flap over top of it? 

DR. REPKA:  All right, good clarification.  Mark? 
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DR. HUMAYUN: Yes.  I mean, I think the glaucoma drainage devices do use either a 

scleral or a corneal graft over the segment that's closest to the surgical limbus, meaning the 

cornea.  So, you know, I think back then, we didn't have the knowledge with the Argus 

implants, so you had to pick something that was in the same place, used relatively the same 

surgical procedure, and also, you know, used the sclera or a graft over the device.  And so, I 

think at that point, glaucoma drainage devices were the closest, clearly. Are they exactly 

the same, no, because they drain fluid, as you know, Mike. 

And so basically they create a cystic space underneath the (indiscernible) Tinon's, 

which can lead to further issues, which you know, if you have a well-closed incision around 

the cable of a device transscleral, even if it's transscleral, you know, you minimize those 

things. So all I have to say is, at that point, there wasn't anything else to point to, and that 

was the closest thing. But now certainly we have a lot more literature with devices that 

look exactly like what other devices are going to be developed. 

DR. REPKA:  Right. And I just want to pose and see if Dr. Troyk has any comments 

that move us to the cortical implant, that are sort of in line with adverse event data. 

DR. TROYK: Well, I think that, you know, safety as a topic is multifaceted. And if one 

wants to use adverse events as a metric for safety, and you want to talk about rates, well 

then you have to have enough samples in order to make those rates meaningful.  And so I 

think we see that in the field of prosthesis in general, embryonic devices start out, and of 

course there's no basis for AEs, and so safety is based substantially upon a presumption of 

failure mechanisms and demonstrating those effects in some sort of preclinical test. 

As the field matures more, obviously you get more N, and so therefore adverse 
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events can start to emerge as a safety metric. Certainly for cortical devices, we are in the 

discovery phase.  And so I think that any discussion of AEs as a safety metric is substantially 

premature, as it was in the very early days of retinal prostheses. 

DR. REPKA:  All right, thanks. Could I ask the panel, with what -- and beyond the AE 

safety outcome, are there any other safety outcomes that you would recommend the 

Agency require as part of their guidance?  Phil raised his hand, so I'm going to go back to 

him. 

DR. TROYK: Yes.  So I think that, you know, the question of demonstration of safety 

is one that depends very much upon, you get the answer to the question that you ask. We 

all know that at least for the FDA, the FDA doesn't give you a checklist of things that you 

must do.  The burden is on the applicant to make a case, and to demonstrate, based on the 

testing and evidence that they've done. But there are fundamental expectations of what 

commonly is looked at for safety, and a lot of these are anchored in standards. 

And if we look at those standards, where they exist in different forms -- for example 

for cortical, there's nothing, because the retinal guidance document from the FDA only 

gives a mild indication of testing to do. But if you go beyond that, if you got to ISO 14708, 

which is for implantable devices, most of those tests are impossible to do on -- if you go to 

IEC 60601, you get testing which is wholly premature for discovery phase devices. 

So I think, if the FDA wants to do something, they could be a little more specific 

about expectations of categories, expectations of where existing standards should be 

applied, and how the adaptability of those standards should enter into a preclinical testing 

plan. 
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DR. REPKA:  That's a big charge. 

Dr. Weiland? 

DR. WEILAND: So, I'd certainly agree with what Phil said.  I also wanted to refer back 

to the talk yesterday by my colleague here at Michigan, Thiran Jayasundera, where he's 

looking at the psychological impacts of having these implants.  And, you know, if you look at 

the, our IRBs, you know, we include many things as risks that we usually don't talk about, in 

terms of safety, in terms of device failure or an adverse event. A lot of those risks are, you 

know, that there's a risk to the patient that they will -- the device might not work. 

And, you know, so do we want to have ongoing assessment of patient wellbeing, of 

their views of the device, of their -- if they have regrets. Are they happy with the device? 

And, you know, would it more, you have impact of -- on their, you know, sort of their 

outlook and their psychological health, as part of a -- and that be considered an adverse 

event. 

DR. REPKA:  All right. 

DR. TROYK: If they have, you know, become depressed because the device doesn't 

work as well as they had hoped, or they have to have the device explanted, when they've 

come to embody this as part of themselves. 

DR. REPKA:  Yeah.  I suspect we'll cover some of those a little bit later today when 

the patients on the -- what happens later. So we do have move on to question 3, 

unfortunately, because this discussion is great.  Do you believe that after a device reaches 

the market, a continued clinical assessment of safety should be conducted?  And should 

those outcome measures include evaluating the durability of the device over time? And do 
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you believe that that approach varies significantly based upon the anatomic location or 

etiology of the disease?  And some of that was already raised, in terms of etiology of the 

disease, but I think we can address those specifically now. So, maybe I'll turn to Dr. 

Dagnelie, who does do some of the follow-up with these patients. 

What do you think should go on later? 

DR. DAGNELIE:  So, in terms of safety, I think whether a device functions according to 

patients' expectations is hardly a matter of safety.  I mean, we can be careful in our 

selection of patients, and we'll talk about that later today. But if a device fails, that of 

course is a matter of functionality, not necessarily of safety. It may not adversely affect the 

patient in the longer term, but it is a disappointment. 

So, I think continuing safety monitoring for the devices is extremely important, 

looking at things like fibrosis in the retina, or looking at movement, as we might expect to 

occur in cortical devices, or when you have a tethered device in the cortex, whether that 

would lead to injury or fibrosis in the cortex. Phil can speak to those things, but certainly 

those are important things to monitor. 

DR. REPKA:  Great. And then Mark, and then Jim, and then Phil. 

DR. HUMAYUN: Well I mean, almost all devices that I know, there's always a 

postmarket surveillance that occurs on these devices, certainly high-risk Class III type of 

devices.  So that is always going on, and is the responsibility of the manufacturer or the 

company to do so. I do think the durability issue is an important one, and it is important, as 

this other speaker, other panelists have pointed out. 

But here is a little bit of the conundrum. The conundrum is, you know, how long do 
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you want to show the durability of a device before you do your very first subjects? I mean, 

it becomes a difficult challenge. And, you know, are the in vitro studies really 

representative of what happens in the subject?  So I think, what we learned from the Argus 

II experience is, you go out and you say the device can only last for X number of years.  And 

then as further testing is available, as you gain more experience, you sort of stretch that 

durability requirement of the device. 

Otherwise, you're sort of stuck saying, well I want this to last 50 years, and -- or 

whatever it is, 30 years, and it makes it difficult to get out of the gate.  So durability is one 

of those metrics that yes, you can have it last a day or a week, but somewhere in there you 

pick a period where you're comfortable you have enough data, and then you expand on 

that durability period as you continue in the clinical trials. 

DR. REPKA:  Is there a proposed measure you would suggest should be used for that 

patient, or simply, they didn't extrude and it didn't damage anything? 

DR. HUMAYUN: Well I think from the -- yeah, that's a good question. I think what's 

considered a success for the device, I think from a safety standpoint, clearly those things 

you mentioned are very important.  I think Gislin was mentioning, and Jim, from a 

functionality standpoint, you still want the device to be working.  So, I think, you know, it's 

both. Certainly the first has to be met. It can't be something that can cause safety issues to 

the eye, brain, wherever it's implanted, but then secondarily, we're always looking for how 

long does it work and how well it works. 

But I think those are all very important issues in durability, and we just have to gate 

them.  We can't make it so that we put the bar so high, with so many decades of 
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expectation of durability in both those areas that we can't even get out of the gate. 

DR. REPKA:  Okay. Jim? 

DR. WEILAND: I'll just, I'll be quick.  Just the, you know, there's -- with the cochlear 

implants, deep brain stimulators, now epilepsy implants, there is a lot of history we can 

draw on in the expectations for following these devices into the future. And all those 

systems have had recalls at one point or another because of device failure. So, I think that 

we can look back on those, and I don't see why retinal implants should be any different 

than what's been done for those other type implants. 

DR. REPKA:  And Phil. 

DR. TROYK: Yes, so I'd like to take issue a little bit with the premise that the 

psychological or emotional impact of the failure of the device to meet expectations is not a 

significant harm category. I think that if you look at harm in a holistic viewpoint for the 

participants, that the likelihood of that harm happening is probably much greater than the 

likelihood of a tissue reaction, because we know how to pick materials that have testing, 

but we don't have good metrics and biomarkers for how it affects the residual harm from 

the standpoint of either emotional, psychological or quality of life issues. 

So I think a lot more attention needs to be paid to that, because it's more uncertain, 

and perhaps the likelihood is greater than for other safety categories. 

DR. REPKA:  Dr. Sahel. 

DR. SAHEL:  Just to comment on what Jim said a moment ago, in our own assessment 

in (indiscernible) in Pittsburgh, we include a psychological assessment prior to any decision. 

And there it happened a couple of times for now, but we decided not to implant actually, 
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because the (indiscernible) was telling us expectations, although we believed, following 

with discussion we had with the patient, actually yesterday someone showing that two --

well it was like two visits to make the decision about implanting. 

I think it's probably five or six visits before making any decision with this patient, 

because whatever expectation has to be assessed very properly. I'm not talking about the 

failure of a device, but in event the device is working, the level of vision that is reached with 

this device is still limited. And so there is a strong need for a very in-depth assessment prior 

to any decision making about the expectation of a patient. And I think this has been 

included in some of our protocols, but I think should be the standard of care. 

DR. REPKA:  And maybe Dr. MacLaren might want to comment on this issue. 

DR. MACLAREN: On the issue of safety? 

DR. REPKA:  Yes. Well, of postmarket, yes. 

DR. MACLAREN: Monitoring safety.  I mean, ironically, it's the people in who the 

implant is not working that probably need to be monitored more closely. And I think it's a 

very good point. The implant I've been working with has a cochlear implant power supply. 

And of course, you would have issues with the bone at the back of the head.  And the ENT 

surgeons will be very familiar with (indiscernible) patients need, things like intraocular 

pressure. Again, don't want the eye to become painful. 

There isn't too much concern with a completely nonseeing eye, if it remains 

nonseeing. So, I wouldn't be concerned about things like fibrosis, because we don't really 

know what that means. It might be a good thing, knowing one could stabilize the implant. 

But we want to avoid the eye becoming painful.  And some fault monitoring is needed. The 
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question in my mind is who is going to pay for this? You should obviously be aware that the 

two retinal implant companies that have been most advanced with these devices have both 

stopped, because they can't make it financially viable. 

And if we add too much of a burden onto the developers of the devices, the 

companies, then obviously we're going to have the problem that they're not going to be 

able to go into the market. So that may be something that might need to be shared with 

insurance companies in the U.S., or the National Health Service and other healthcare 

providers in Europe. 

DR. REPKA:  And Mark, perhaps the last comment on this question. 

DR. HUMAYUN: Yeah. I was just going to echo what Robert just said as, you know, 

in addition to -- this is an incredible burden on these often small companies to develop 

these technologies because, for example, to address the psychological aspects, not only did 

we have to have psychological evaluation but also because the subjects are blind, we 

actually had the consent read out, you know, so they could hear it. And these add other 

sort of constraints and costs.  But then after implantation also, it takes training, and maybe 

we'll touch upon it in the next question, but that is also a significant part of these devices 

that leads to a lot of costs. 

So, I think as we start to think of this, we have to sort of balance what's best for the 

patient, of course, that comes first, but put it in the bigger context of often a small company 

trying to make this work. And then also from a clinician physician standpoint also, those 

who train these subjects, Gislin's been involved a lot, post implantation, but that's a very 

labor-intensive area as well. 
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DR. REPKA:  Great, thanks for that. And again, Session 7 will look at some of the 

questions or comments that you've just raised a little bit later today. 

So the fourth question this morning, given that complexity of these devices, and that 

of the surgical procedure, do you believe there should be recommended baseline training 

for the surgical staff and the post-surgical team.  Some of that's been alluded to already by 

some of the surgeons, but let me go to Dr. Martel, since he hasn't had so many questions 

directed there, to talk a little bit about the training of his team, and then what he expects 

should be for the follow-up teams. 

DR. MARTEL: So, I mean clearly the answer to that question is yes.  I think that 

preoperatively, the surgeon should be mentored by a surgeon colleague who's well versed 

and experienced in that particular technique, and the associated procedure, you know, 

whether it's a epiretinal implant, a suprachoroidal implant or a subretinal approach. So 

those approaches and the techniques will differ. And they should probably have a minimum 

number of practice surgeries, in vivo, ex vivo, or in some equivalence model. 

And they should ensure that there is appropriate surgical instrumentation in place. 

And I think that during the maybe first case, or even the first and second case, having the 

presence of another surgeon who has some experience with that procedure either 

physically there, in person, or virtually available. 

I think that, in terms of the post-surgical team, I think that there may be a distinction 

post-approval when you may have a post-surgical team that may be in another region than 

the actual implant team. You know, for example, there may be  a patient that's traveling a 

great distance to have the surgical implantation done, but they may, you know, post 
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approval, be cared for at their more local institution. 

And then certainly the vision training and rehab are important. We talked about the 

psychological assessments, but even before we do the Prima implant, we also do a cognitive 

assessment, to make sure that the patients actually have the cognitive capabilities to 

undergo the vision training and learn how to use these, this artificial type of vision.  And 

certainly, you know, the training is, you know, probably more intensive and more important 

than the surgical implantation. 

Having a good and capable vision training staff with expertise in low-vision 

optometry, you know, certified low-vision therapists, occupational therapists, or in Europe, 

(indiscernible), to patients, and have some familiarity of how the device works, and then 

even have some technical expertise available, whether or not it's a bioengineering person 

or a technician, to troubleshoot and tune any early technical issues with the device. 

DR. REPKA:  Great. And Dr. MacLaren, what should the teams do, in your mind? 

DR. MACLAREN: I think the team is quite helpful in assessing the patients before 

surgery.  In my own experience, I sit there with the patient in front of me, and then ask 

them if they've got any questions or queries, and they're almost afraid to voice their 

concerns, what the surgery is going to do and the operation.  Now after I've had the 

consultation, one of my research nurses, who's also a trained counselor, sits down with the 

patient for about a half an hour, and it all comes out, all the concerns and worries.  And 

occasionally, we've actually stopped the surgery based on what this additional interview has 

told us about the patient having unrealistic expectations. 

With regard to the surgical training, of course, I mean, these are highly complicated 
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operations and are completely out of the comfort zone of most of the work we do as 

ophthalmologists.  And when I did my first subretinal implants, Ulrich Bottschmidt (ph.), 

who's the head of ophthalmology in (indiscernible) made a personal visit to Oxford to sit 

there at the back of the OR, and help me in some difficult parts of the procedure. And that 

was very reassuring.  And I've done the same thing with others since. So, it's a very, you 

know, collaborative process. And this idea of having surgical training is absolutely essential 

in my view. 

DR. REPKA:  And how about this long-term follow-up for the surgical team in remote 

locations, I mean, who might end up assessing the patient urgently? 

DR. MACLAREN: You know, I mean, that's again a good question.  I mean, I think 

we're looking at the complications as being relatively straightforward in terms of 

emergency.  So, for instance, the patient might develop a retinal detachment, or have an 

extrusion or erosion, or an infection around the implant. The difficulty comes with revision 

surgery, if needed. And I've -- on one operation, I actually took out an implant, and 

reimplanted another implant in the patient.  And that's clearly quite challenging. 

But I don't think the routine monitoring necessarily needs to be done by the surgeon 

who's capable of doing the operation. I think it could be taken on by a wider team with 

more general expertise in dealing with the retinal pathology, who could then report back 

and send the patient's review, if necessary. 

DR. REPKA:  And let me just turn to the cortical side, and ask Phil what he hopes that 

the neurosurgeons implanting his devices, or the devices you're working on, in terms of 

both immediate surgical and post-surgical monitoring. 
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DR. TROYK: Well I think, for the implantation procedure, as has been noted by 

others, it's beneficial and essential.  There's new tools, different techniques, depending on 

the configuration of a cortical device.  There's means of handling it.  If the cortical device is 

very similar to grids that are typically placed on the brain, perhaps there's less training 

that's needed. In our case, where there was a intracortical device which had no means of 

physical handling except with specialized tools, it was much more extensive training. 

In terms of the follow-up, you know, from a cortical standpoint, I'm not sure that it's 

too much different than other implantable devices that are placed into the head, that 

surgeons would naturally follow up for. So I think the inaugural training is more important, 

but in my experiences with surgeons, is they're very happy to interact in that way, and I 

think it's essential. 

DR. REPKA:  All right. And Dr. Sahel, perhaps a final comment. 

DR. SAHEL: You mean for cortical implants or for --

DR. REPKA:  No, no, on postoperative management and care. 

DR. SAHEL: Yeah. I think Dr. Martel already alluded to that.  One of the key 

components, and I've seen a difference between the clinical trials and the postmarket, is in 

the amount of rehabilitation that has been offered to the patient. In the clinical trial, the 

protocols were extremely dense, and really providing a patient with a lot of opportunities to 

improve.  Postmarket, this tends to be lightened a bit, because it's like part of a package, 

and there is a tendency to think that you can save a bit on that. 

I think it's extremely important for the performance but also probably psychology of 

a patient.  So this part of the follow-up, and this long-term follow-up, does really impact on 
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the results, and also the feeling of a patient. 

DR. REPKA:  Great.  Thanks very much.  Unfortunately, we could go on, as I said 

earlier, for much of the day on this subject, but I need to turn the program back to Tieuvi 

Nguyen, who will continue the planned program. I want to thank the panelists for helping 

this morning on this part of the program. 

DR. SAHEL: Okay. 

DR. NGUYEN:  Thank you so much, Dr. Repka, and I echo Dr. Repka's thank you to the 

panelists for the really wonderful safety discussion. This particular topic is very important 

to us here at FDA as safety is really the primary consideration when determining whether a 

clinical trial can be initiated, and when sponsors submit an IDE application.  So we really do 

appreciate everyone's thoughts on this topic. 

So now I think we are ready for a short break.  When we return, we will start Session 

5, where we will turn our focus to important clinical outcome assessments and patient 

preference information that need to be considered as part of the evaluation of these 

implants. See you all again in 10 minutes. 

(Off the record.) 

(On the record.) 

DR. NGUYEN:  Okay. Welcome back, everybody. We are now ready to start our next 

session. Next we will have two talks from FDA.  Our first speaker is Dr. Fraser Bocell.  Dr. 

Bocell is a psychometrician and clinical outcome assessment reviewer with the Patient 

Science and Engagement Team at FDA. 

Take it away, Fraser. 
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DR. BOCELL:  Good afternoon.  I'm Fraser Bocell, a psychometrician and clinical 

outcome assessment reviewer with the Patient Science and Engagement Team at CDRH. I 

appreciate you joining us for this session. 

Today I'm going to give you a little background on the Patient Science and 

Engagement Team.  Then I'll give you an overview of clinical outcome assessments and their 

relevance to profound vision loss. I'll touch on the final guidance we released, and discuss 

some of the work we're doing to find out what is important to patients. 

On the Patient Science and Engagement Team, my colleagues and I strive to increase 

the inclusion of patients' perspective in regulatory submissions in a consistent and scientific 

manner. We engage in education research and most importantly, listening. Listening to 

patients is a major part of our work, whether it's during an engagement event, or as part of 

our research. 

We believe that patient input is valuable throughout the total product life cycle of a 

medical device, from discovery and ideation to clinical testing, and on to postmarket 

monitoring.  You can talk to patients early to better understand the disease or condition, 

conceptualizing the clinical benefits and risks, and identifying the need for a clinical 

outcome assessment. 

Early feasibility studies are a good time to make sure the COA is fit for purpose 

before incorporating them in the pivotal clinical study, or using them for continued 

postmarket monitoring. 

For those of you more familiar with the patient-reported outcomes, those are just 

one type of clinical outcome assessment.  Different types of clinical outcomes assessment 
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are suited for collecting different types of information. Patient-reported outcomes are best 

for assessing information known only to the patient, such as pain or visual symptoms, this 

information that comes from the patient without interpretation or amendment by anyone 

else. 

Sometimes clinical expertise and judgment is needed to interpret the information 

collected from the patient. In that case, a clinician-reported outcome can incorporate the 

clinical expertise in a systematic and repeatable manner. In other cases, such as profound 

vision lost, the ability to successfully perform certain tasks, or perhaps improvement on 

those tasks might be important.  Performance assessments can be developed to incorporate 

a set of standardized tests to assess the abilities of patients. 

Finally, observer-reported outcomes are useful for context where the patient is 

unable to respond or communicate their condition, such as with infants, or individuals with 

cognitive impairment.  As I said earlier, the type of COA used to assess an outcome will 

depend on what it is you are measuring.  Some concepts are best measured by a particular 

COA, or your target population may necessitate the use of a COA type. 

Additionally, the benefits and risks can be complex, and require multiple different 

assessments, including different types of COA along with other measures.  We encourage 

developers to focus on the concepts that are not only likely to be impacted by true event, 

but are also important to patients. To address 21st Century Cures Act, and (indiscernible) 

2017, as well as to further the Agency's efforts to include patient experience data, FDA's 

patient-focused drug development committed to developing new guidance documents that 

clearly spell out the regulatory perspective on the development  and use of clinical outcome 
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assessment. CDRH has been involved in the development of these guidance documents. 

The guidance series is meant to clarify ways that the stakeholders can collect patient 

experience data that are intended to facilitate the advancement and use of systematic 

approaches to collecting and using robust and meaningful patient and caregiver input that 

can better inform medical product development and regulatory decision making.  This 

guidance series will eventually replace the final guidances on PROs issued in 2009, and will 

cover all types of clinical outcome assessments. 

While we are participating in the development of these guidance documents, the 

regulations and principles specific to CDRH, such as the least burdensome principle led 

CDRH to develop an issue, a guidance specific to PROs and medical devices. In January of 

this year, CDRH published the Final Guidance: Principles for Selecting, Developing, 

Modifying and Adapting Patient-Reported Outcome Instruments for Use in Medical Device 

Evaluation, or PRO Principles, for short.  It's meant to supplement existing guidances and 

clarify where there are areas of flexibility for medical devices. 

There are three objectives highlighted in the guidance.  The guidance applies to PRO 

instruments used in medical device evaluation across the total product life cycle.  While it 

communicates what the FDA believes are some best practices, it does not detail methods or 

steps for developing, modifying or adapting a PRO instrument, which are addressed in other 

FDA guidance documents. 

One point emphasized in the guidance is the importance of using a PRO instrument 

in a clinical study that is fit for purpose. According to the guidance glossary, it is the 

conclusion that the level of validation associated with a biomarker or clinical outcome 
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assessment is sufficient to support its context and use.  This means the validity evidence 

should support the context of use.  This fit-for-purpose approach is meant to provide 

flexibility in generating the evidence used to support a PRO instrument.  The concept being 

measured, the intended use of the PRO instrument, and its role in the protocol and 

statistical analysis plan will help determine the recommended level of evidence and 

flexibility in generating that evidence. 

There are a few best practices described in the guidance document, that could be 

implemented to make the process of selecting, using, modifying or adapting a PRO 

instrument for a specific use within a clinical study more efficient. While PROs may be 

included in the clinical studies, they do not always reflect concepts that are important to 

patients. We encourage a focus on concepts that are relevant and impactful to patients. 

The guidance document details that the instrument should not only be patient focused, but 

also be designed to be easily understood by patients and provide response options that 

make sense to patients. 

For example, a questionnaire should avoid medical terminology that may not be 

familiar to patients.  Whether you are selecting or modifying an existing instrument, 

developing a new instrument, using a PRO instrument in a premarket study, or as part of a 

postmarket surveillance effort, the guidance document recommends that you clearly define 

the role of the PRO in your protocol and statistical analysis plan. 

It may also be beneficial to leverage existing appropriate instruments and the 

associated evidence to measure a given concept in a clinical study.  We encourage you to 

consider all the literature, not just validation papers associated with a particular PRO 
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instrument. You should provide documentation to support the validity of the PRO 

instrument for the purpose, for the proposed use in the clinical study.  If after looking for an 

existing instrument, you discover the need to create a new PRO instrument, we encourage 

you to consider efficient development approaches. 

For example, you may want to use alternative platforms, or work with other 

interested parties during the development process.  Additionally, collaborations allow for 

the pooling of resources, not only financially, but also in terms of expertise and key 

stakeholders, such as patients.  These collaborative projects could lead to a PRO instrument 

that could benefit many interested stakeholders. 

With the goal of focusing on concepts important to patients, CDRH has initiated a 

study to better understand the perspective of individuals with profound vision loss.  Our 

goal is to focus on the patient and their experience with profound vision loss.  We want to 

know what is important to patients, what are their goals for treatment. Beyond visual 

acuity, what benefits do they want from the treatment?  And we know that this is not only 

of interest to the FDA, but also to the wider community, so we plan to share what we learn, 

so that the device developers and researchers can learn what we learned. 

We are working with internal and external experts to define the patient population 

and understand the characteristics of the community. The research team will then look at 

existing COAs, such as PRO or PerfO measures, to see whether there is evidence to support 

their use to assess individuals with profound vision loss.  Finally, the research team will 

conduct focus groups and interviews to help us understand the individual experience and 

important concepts. 
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In conclusion, talking to patients will help you better understand the goals and 

effects of treatment, and helps ensure that any COA used as an outcome is fit for purpose. 

It's important to evaluate the different ways to measure clinical outcome assessments, and 

find the best one for the concept of interest.  You can look to our recently published 

guidance for some principles and best practices for patient-reported outcomes. 

I thank you for joining us today, and will leave you with our guidance. If you're an 

instrument developer, or a new user, the 2009 PRO Guidance is a good resource, as is the 

newer Principles Guidance. I've provided links to both of them here.  Thank you, and have a 

good day. 

DR. NGUYEN:  That was a really great presentation.  Thank you so much, Fraser. 

Our next FDA presenter is Dr. David Gebben.  Dr. Gebben is a health economist with 

FDA. His primary area of research centers on patient preference research.  Prior to joining 

FDA, Dave worked for a consulting firm, designing and analyzing patient preference studies. 

David. 

DR. GEBBEN: Hello. I am Dave Gebben. I am a health economist with the Patient 

Science Engagement Team at CDRH. My expertise is in the area of patient preference 

information.  The title of my presentation is the use of patient preference information, PPI, 

in a regulatory context. I have no financial disclosures or conflicts of interest with the 

presented material in this presentation. 

The use of PPI in a regulatory context falls within the broader science of patient 

input category.  As you can see, PPI fits from the larger overall frame of patient input, which 

is driven by patient engagement.  It is through patient engagement that we can learn, from 
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the patient voice, about what areas are most concerned and most important. Along with 

that, PPI and PROs, or COAs can work together. We will discuss that further in the 

presentation. 

CDRH has issued a number of guidance documents related to benefit/risk, 

uncertainty, and of course patient preference information. All of these documents are 

intended to add to the body of knowledge related to how CDRH thinks about how the 

patient voice can be incorporated, how benefits and risks should be considered, and of 

course, how should uncertainty be used within that context. 

In addition to that, the guidance documents are not intended to replace other 

clinical data, or even really act as a  substitute for other clinical data.  It's intended to add to 

the body of knowledge, that can then be useful within a regulatory context.  To that end, I 

also want to highlight, in order for the patient preference information to be considered in 

the overall document, it is important to know that it rise to the level of valid scientific 

evidence, which we'll discuss on the next slide. 

A PPI survey is not an opinion survey, nor is it a marketing survey. I have spoken 

with a number of people who, when they look at a patient preference survey, their 

comment is something along the lines of, well it just looks like a patient background, patient 

history information, or an opinion survey.  However, it's kind of the same situation as when 

you look at an automobile, and if you just look at the hood of the car, it doesn't look that 

impressive, doesn't look that complicated. It's just a flat piece of metal, maybe some paint 

on it, something like that. 

However, it is what is underneath the hood of the car that drives it forward and 
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allows it to have some benefit and some meaning.  So, to that end, valid scientific evidence 

requires that a PPI study needs to be relevant, have relevant clinical information, and 

possibly nonclinical information that is needed when considering a benefit/risk 

determination.  It's important to note that the PPI guidance doesn't change any of the 

review standards for safety or effectiveness.  The PPI guidance provides recommendations 

to the voluntary collection of patient preference information that could be submitted as 

valid scientific evidence as part of the overall FDA benefit/risk assessment. 

In order for a patient preference study to rise to the level of valid scientific evidence, 

the guidance document lays out a few qualities that PPI needs to rise to, particularly when 

we're considering risk tolerance or benefits.  To aid PPI and to be used as valid scientific 

evidence, we want to think about three main qualities that a good patient preference study 

will include.  Those are, it needs to be patient centric, all about the patients. It needs to 

have good study design, and of course, good study conduct and analysis. 

Regarding patients, we need it to be patient centric, which means it should be 

communicated in a way that a patient can understand it. It can't be a document that's just 

clinicians speaking with other clinicians or health professionals.  Along with that, we want 

to ensure that the sample is representative.  So the sample's frame should be in alignment 

with either the clinical study or the target population for the indication for use. We also 

want to make sure that we're able to understand or capture the heterogeneity of the 

nature of patient preferences.  And finally, as I said, comprehension by the study 

participants. Generally speaking, these studies need to be written at rough an eighth grade 

reading level, which is approximately a USA Today newspaper, and have a numeracy level of 
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about a sixth grade level. 

Regarding study design, they should follow established good research practices. 

These can be found through professional organizations that have laid out checklists and 

recommendations for what patient preference studies should look like.  Again, effective 

benefit/risk communication.  The study should not be overly biasing towards one particular 

product. These should be studies that are neutral in their presentation.  Minimal cognitive 

bias.  These are often difficult studies for patients to evaluate. So we want to make it as 

cognitively easy as possible for the respondent. And of course, it needs to be relevant. 

The FDA is not allowed, by regulations and statutes, to consider dollar costs, so 

studies that include a dollar cost as price is probably not going to be very relevant to our 

analysis.  Finally, of course, study conduct and analysis.  It needs to be conducted in an 

ethical way, meaning it should have IRB approvals where relevant. The study should have a 

logical soundness to it, and robustness of the analysis of results.  So we want to be able to 

determine, was the study conducted, and the analysis completed in a way that the 

modeling is not fragile, that the model has robustness to it. 

A PPI study can fill a knowledge gap at many points along the total project life cycle, 

not just the benefit/risk assessment stage, which is what we've been talking about primarily 

so far.  PPI can also inform us if there's an unmet medical need, at the early stages of 

product development. It can also be useful to understand what matters most to patients 

about their disease or their treatment. 

Along with that, as we consider the clinical to the trial design, patient preferences 

have been used to inform a performance goal, so determining how effective should the 
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product be in order for it to have been considered good enough.  PPI studies can also, in 

clinical trials, if we have competing endpoints, patient preferences can help us inform, from 

the patient view, what are the most relevant or important pieces of information.  Along 

with that, PPI within just the benefit/risk assessment category, it can help reviewers 

understand how a particular device would be valued, relative to the characteristics of the 

device, including the benefit/risk profile, frequency issues, pieces like that. 

As we think about how to use a PPI study within a regulatory context, the first up is 

to determine what the research question is. How the research question is framed will then 

inform what specific methodology should be used. Again, we want the research question to 

be driving the methodology, rather than the methodology driving the research question. 

Next, we want to think about, how does the research question frame what the 

potential answers need to be. Getting that research question right is the first step towards 

a successful research PPI study.  If the research question is considering how patients would 

value the liability of a bioelectronic implant, we'd want to know, relative to what? After all, 

if we're thinking about, how reliable is that implant relative to new technological advances, 

or potentially less predictable outcomes, how can we think about that valuation?  Again, we 

want to think about, if it's very, very reliable, but it has the potential for future surgical 

procedures, additional procedures from implantation, that could change what that needed 

level of reliability would look like. 

Along with those concerns, we want to be able to think about the regulatory impact.  

How can PPI inform or clarify what's the clinically meaningful threshold for what would be 

perceived by patients for a novel device. How can we use patient preferences to clarify 
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what is needed, or what is clinically meaningful from the patient perspective? 

Thank you for your time, and I look forward to the panel discussion that will be 

following. 

DR. NGUYEN:  Thank you, David, for that really great talk. 

Now we will move on to our next speaker, Dr. Emily Chew.  Dr. Chew is an 

ophthalmologist and retina specialist, and is the Director of Epidemiology and Clinical 

Applications, and the Chief of Clinical Trials Branch at NEI.  She will provide an in-the-eye 

perspective of clinical outcome assessments. 

Welcome, Dr. Chew. 

DR. CHEW: Hello.  This is Emily Chew from the National Eye Institute. I'm a head of 

Division, Epidemiology and Clinical Applications.  I'm a medical retina specialist, interested 

in clinical outcomes of clinical trials.  Thank you very much to the organizers for allowing me 

to be part of this wonderful workshop. 

My topic today will be on clinical outcomes assessment for bioelectronic implants, 

the NEI perspective. I have no financial disclosures. 

I'm very grateful to Fraser for giving us a wonderful overview of clinical outcome 

assessment as defined by the FDA. These are the four categories which are designed to 

measure how a patient feels or functions and survives, their patient-reported outcomes, 

observer-reported outcomes, clinician-reported outcomes, as well as performance outcome 

measurements. 

Today we're going to focus on patient-reported outcomes, or PRO that I will be 

speaking about. Because this is an NEI perspective, I'd like to go back to some recent 
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developments at the National Eye Institute. In 2020, we have a new IC director, Dr. Michael 

Chiang, who has now revised the NEI mission statement, which now reads as, "The mission 

of National Eye Institute is to eliminate vision loss, and improve quality of life through vision 

research." So quality of life is really important. Not only can you just eliminate the vision 

loss, but the patient has to actually have, find some improvement in their daily living. 

In the past, if you look at this chart that I present to you here, on the right, you see 

retinal diseases, corneal diseases, and lens, cataract, et cetera. These are disease groups 

that have been the traditional way in which ophthalmology and optometry departments 

have actually organized their work flow.  In this case, what we have on a slant here, in the 

dark blue are the new strategic pillars that we are considering for our strategic plan, which 

was published in 2021. And of course, I'm highlighting individual quality of life. 

So the old NEI core areas are, as I mentioned, are similar to clinical divisions of most 

ophthalmology and optometry departments.  This new strategic plan will be a crosscutting 

traditional of these organizations.  We plan to enhance these core research programs by 

bringing on methodological expertise, with the goals to adjust challenges across the entire 

visual system. And these facilitate traditional -- translational research for clinical care and 

population health. 

And again, these are genetics, which cuts across all diseases, neuroscience, which 

obviously is very important for ophthalmology, immunology, which is becoming a very 

important aspect of all our lives in many aspects, and especially in ophthalmology. 

Regenerative medicine, data science, which is relatively new, and really is taking a great 

deal of sort of front line here, is science. Great data science is being very important.  And 
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most of all, we're really interested in the quality of life at the National Eye Institute. Now 

this of course leads me to the public health and health disparities as well. 

So our aim is to highlight important perspectives and expertise that complement 

existing core portfolios at the NEI. We're not going to replace these existing core programs, 

but they will underscore areas where intradisciplinary approaches can really help link these 

clinical applications with some understanding of mechanistic science. And again, we are 

going to focus on the patient-reported outcomes. 

The definition of a patient-reported outcome is that this a typically, based upon a 

report that comes directly from the patient about the status of the patient's health. And 

this is directly from the voice of the patient themself, doesn't include any clinician or other 

family members or other caretaker's interpretation of the patient's response. These can be 

self reported, or entered in the record of the patient's response. So this is really a one-on-

one with either the interviewer or the patient in a self report. 

We assess the patient's perspective on that functioning activities, including rating 

scales, asking from, you know, mild to moderate to more severe, and counts of certain 

events that may be important for the outcome, how often does this happen, frequently, et 

cetera. 

So many of you are familiar with the National Eye Institute Visual Function 

Questionnaire. This you can see on our website as the Visual Function Questionnaire 25. 

We have a 2000 version there, but as you can see, this is really -- it can be downloaded from 

anywhere in the world, and it gives you a number of areas that we're interested in. 

The first is a scoring algorithm, with the frequently asked questions as well as a 
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interview. I mean, it's the format we talked about. And it can also be self administered. 

And there's, in fact, a neuro-ophthalmic supplement that can be added to this. Let's go 

back into the history of this. And this was developed by the Rand Corporation in 

collaboration with NEI almost 20 years ago now, more than 20 years ago now.  And a lot of 

information can also be found on the Rand Corporation website. 

So going back to development of the NEI VFQ, which was published in 2001 archives 

of Ophthalmology, this -- I'd like to give a shout-out to Dr. Ron Hays, who was very 

instrumental in this particular study, as well as the rest of the co-authors.  But Ron Hays is 

specifically pointed out because he has most recently been working on a number of other 

PROs that have been important to the FDA, the MIGS for glaucoma, as well as that for 

cataract surgery. So clearly he's been an expert in this area, and we really value his advice. 

So NEI VFQ was National Eye Institute sponsored. The goal of the NEI VFQ was to 

create a survey that would measure dimensions of self-reported, vision-targeted health 

status. And these are most important for persons who have these chronic eye diseases. 

And it would also measure the influence of these visual disability, and also the symptoms 

that come along with it, on the general health domains, such as emotional wellbeing as well 

as social functioning, in addition to the usual task-oriented domains related to the daily 

visual functioning, what can you do with your vision on a daily basis and how does this 

affect you. 

We started with a content identifications, through a serious of focus groups, with 

patients who had age-related cataracts, glaucoma, age-related macular degeneration, 

diabetic retinopathy. You can see how old this really was.  We even had cytomegalovirus, 
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or CV retinitis group involved in this. At that time, patients were losing vision terribly in 

that point. It just shows you that, how times have changed. It's important to be upkeeping 

this. 

Sample size we had was 82 person for the focus groups, 260 plus patients from the 

pilot study, which then launched into our field study of almost 600 patients. But we tested 

each of these items separately, and over time. 

Visual function -- VFQ-25 is the product of an item reduction analysis of a longer 

field test version that we tested, which had 52 items, at NEI VFQ, with 13 different sub-

scales. Reliability and validity of the survey was assessed across all five eye diseases which I 

discussed.  Reliability and validity was assessed in a heterogeneous group of patients. 

These are patients who had low vision, as well as a control group.  These were age-matched 

persons with normal vision.  So the psychometric properties have been published, and I'm 

going to mention more about this and some of the criticisms about our psychometric 

properties of this NEI VFQ. 

So when we developed the NEI VFQ-25, there had 25 vision-targeted questions, 

representing 11 vision-related constructs, plus an additional single item that relates to 

general health rating question.  We also have a 14-item appendix that can be added to it. 

And these come again from the 51-item, 51 or 52-item to expand the scale up to 39 total 

items. 

This takes approximately 10 minutes to administer, with an interviewer format. 

Although the self-administered version can be done, of course, this will be important on 

whether the patient's visual acuity is sufficiently good for this.  And on vision targeted 

Free State Reporting, Inc. 
1378 Cape St. Claire Road 

Annapolis, MD 21409 
(410) 974-0947 



 
 

 
  

  
 

 
      

   

    

     

      

      

 

    

     

    

      

      

      

       

     

    

    

 

  

      

         

      

64 

subscales including global vision rating, which had one question, difficulties with near vision 

activities, and the parenthesis in numbers show the number of questions that are items that 

are actually used to develop this particular subscale, for difficulty with distant vision, 

limitations in social functioning due to vision, real limitations due to vision as well, including 

dependency on others due to vision, mental health symptoms due to vision, driving 

difficulties, as well as limitations with both peripheral vision and color vision, and ocular 

pain. 

There is -- I've mentioned this before, a single general health question, that's from 

some of the robust predictor of future health and mortality in population-based studies. 

I'd like now to move forward to 2022, and discuss a really important paper that was 

headed by Dr. Judy Goldstein, who is the low vision specialist in the Wilmer Eye Institute, 

and also Dr. Robert Massof, who has incredible experience in some of the work in Rasch 

analysis, as well as some really great co-authors who are leaders in the field. 

So this is called, "The NEI VFQ-25C."  This is, the 25C is the collective questions that 

we put together. And they developed a method to calibrate items in National Eye Institute 

Visual Functional Questionnaire to enable comparisons of outcome measures.  One of the 

problems with NEI VFQ is that we could not do that before. It was the most commonly used 

patient-reported outcome measure in ophthalmology studies. 

For example, the EMA, the European Medical Agency definitely has used it in a 

number of their clinical trials.  And in fact, it's one of the mandatory PROs that have been 

used.  One of the beauties of the NEI VFQ is that it's short and simple, very easy to 

administer, and easy to understand scoring instructions. There are no special softwares 
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required, or any analytic techniques used as a matter of summing things up. But there lies 

in some issues that we'll discuss issue, that is a problem. 

Some disadvantages, and what we're going to talk about right now is that there is 

serious instrument-specific and scoring methodology flaws. The flaws, in fact, the scale is 

not ideal.  And it includes multidimensionality, in other words, it's mixing things together 

that it shouldn't, such as visual function and socioemotional constructs.  And then the use 

of raw scores don't satisfy the usual properties of measurement. For example, the 

difference in the ability between the rank scores 1 and 2 do not equal that of 2 and 3.  So, 

that's not an easy scale that you see equal measures that will -- over time. 

We allow for opting out responses, which -- to relevant items, and this kind of 

actually distorted how we estimate the visual function when using the raw score. So we can 

have erroneous responses in the end.  And differential item functioning is also an issue as 

well. 

So it's also widely criticized for its ad hoc design. Remember, this is done well before 

PROs become an import aspect of our regulatory aspect of ophthalmology.  I know that Dr. 

Eydelman had just started perhaps looking at this when she started her career, and we were 

already marching into this without the guidance that we needed. It also violates principles 

of modern psychometrics, so psychometrics we published are certainly not up to date with 

the modern psychometrics. In particular, the recommended scoring system, we don't 

estimate function on a scale whose unit of measurement remains invariant across the scale. 

In other words, this is a constant that we could have. 

So Dr. Goldstein and her (indiscernible) team applied the Rasch analysis to calibrate 
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the NEI VFQ items, each of them, every one of them, to enable researchers to be able to 

estimate, from a one single person or to a study cohort so we can compare patient to 

patient, study to study. What they used was response from seven retinal treatment trials. 

Remember I mentioned that this is a commonly used NEI VFQ, and many studies have used 

it, including our own study, the IC study areas 1 and 2, or rather just 1, and we do have 

some data that we're actually working on now. 

Responses were taken from AMD trials, retinovascular occlusive diseases, as well as 

diabetic retinopathy and two low vision studies. And that got us a total sample size of 3,000 

participants. And using these data, they calibrated the items. The software is actually 

provided to facilitate implementation of this calibrated measure, which is one of the big 

beauties of the study.  And this is readily available to any researcher. 

So this Table 1 allows us to evaluate, or speak about the number of studies that are 

being used. The seven studies include Anchor, Marina and Pier. And the Pier, which look at 

AMD with CNV as well as retinal vein occlusions with macular edema.  Bravo, Cruise are the 

vein occlusion studies. Ride and Rise are both with (indiscernible) macular edema. And the 

Wilmer Eye Institute as well as the Mass Eye and Ear Institute had contributed their patients 

with low vision as well.  So, this is a very healthy group of population of patients with a 

broad range of visual acuities. 

And this is Table 2, showing some of the item measures that were used, and they're 

looking specifically mostly at visual function at this point. 25C means that as a whole, the 

combined NEI VFQ, this was the item measure that measured what the standard error 

might be.  And most of these, from items 3 to 10 are mostly visual function items, and 
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number 3 is that of a social emotional category. 

And we go further down in 2, Table 2, you can see that there are more items.  And 

just to read to you some of the things that are asked, like how much time you worry about 

your eyesight, reading ordinary newsprint, doing work up close, finding something in a 

crowded shelf, or reading street signs, or going down the steps and noticing objects off to 

the side when you're walking along. 

The other aspects of social and emotional aspect is asking whether you accomplish 

less than you like because of vision, limited in how long you can work or other activities 

because of your vision, you stay home because of time, because of your eyesight, frustrated 

a lot because of eyesight.  So these are emotional issues that we're dealing with, and these 

are some of the items, just giving you a flavor of what we did in the NEI VFQ, and some of 

this was done with the Rasch analysis. 

So the beauty of this is that you develop a (indiscernible) scale with selected items, 

and showing that they're estimated item measures. The more positive measures, as you 

see on the right, plus 25, are those that require greater visual acuity, visual ability, such as 

driving, and driving at night, looking at your figures and thinking of the accuracy of your 

bills. Things such as picking out matching clothes is not quite as crucial, requiring a very 

fine visual acuity. So, this is the scale on which one can then compare patients with 

patients, and then on to different groups. 

So clearly, the NEI VFQ has really been markedly improved in the (indiscernible) with 

the rationale, so which is remarkable.  And again, I'd applaud the office for doing such a fine 

job, and this really will help future researchers.  But the question really remains, should 
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this, the NEI VFQ be continued as an important PRO despite its flaws?  The needs of 

patients have changed over time. For example, people don't read newspaper as much. 

They probably read on their tablets, et cetera.  Technology has changed markedly. Cell 

phone technology, even patients with MLP are able to use their cell phones with great help 

for, with GPS and other things that are truly remarkable. 

I think we need to cover broader visual acuity impairment. And are those with 

profound visual loss served well by the NEI VFQ?  That hasn't been tested fully.  And 

potentially, we can revise the current NEI VFQ to bring it more up to modern times.  The 

rationale says help us calibrate the NEI VFQ to compare cross patient, from studies.  The 

scales itself need more work for more granularity in other domains that are missing or the 

NEI VFQ maybe actually needed. 

Ideally they should include health-related quality of life, functional status, symptoms 

and symptom burden, as well as health behaviors and patients' healthcare experience, 

which was not at all covered by the NEI VFQ.  Other domains may include mental physical 

wellbeing, relations with other people, social, community and exhibit activity, as well as 

personal development fulfillment. Recreation and fun is also another part that may be very 

important. 

And so we have now collaborated with the FDA, potentially, to do more work on this, 

and as well as the Patient-Centered Outcomes Research Institute, the PCORI Institute, and 

the Foundation for Fighting Blindness, as well as the American Academy of Ophthalmology. 

It's also very important to collaborate with other academic centers and researchers, 

especially those with expertise in developing PROs. 
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With that, I'd like to again pledge our real allegiance to the importance of individual 

quality of life at National Eye Institute.  This is something we're very interested in, and will 

be very much hoping to help with this area, especially looking at it for patients who have a 

very severe vision loss. Again, thank you very much for your attention. 

DR. NGUYEN:  Great.  Thank you so much, Dr. Chew, for that wonderful presentation, 

and providing us with the NEI perspective. 

So the next three talks will come from the University of Pittsburgh, our co-sponsors 

of this workshop. The first talk will be from Dr. Emily Grattan.  Dr. Grattan is an assistant 

professor in the Department of Occupational Therapy and Ophthalmology, and she's an 

occupational therapist by training.  And her current work focuses on improving outcome 

measures in individuals with vision and perception impairments. 

Dr. Grattan. 

DR. GRATTAN: Hi.  My name is Emily Grattan.  I'm really happy to be with you all 

today to discuss a little bit more about patient-reported outcome measure development. 

So the only conflicts of interest I have to report are related to funding I currently 

have from the Department of Veterans Affairs, as well as from the National Science 

Foundation. 

So the value of including patient-reported outcomes, or PROs in research and in 

clinical practice has become much more widely recognized in recent years. And so, PROs 

really provide that critical perspective and insight from the patient, regarding their 

perception of their own health, disease symptoms, quality of life, functional status or 

satisfaction with treatments. 
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The patient-reported outcomes, or PROMs, are those surveys or instruments that 

really measure the PROs.  Now there are a number of different patient-reported outcome 

measures that exist in the field, and these range from more general or more condition or 

disease-specific patient-reported outcome measures. There are many more general 

patient-reported outcome measures, though, I should note. 

What's really critical though, is that there is a lack of patient-reported outcome 

measures in the field that have really been well validated, either by including individuals 

with these different conditions in the item development process, or that have not been 

validated with a particular patient population, or many of these have not been evaluated 

using psychometrics with more modern approaches either, which I'll talk about shortly. 

Today I'm going to share with you a  little bit about a project that we're doing, are 

interested in, that's related to low vision and function mobility and the development of a 

patient-reported outcome measure for individuals to report on their functional mobility. 

So to give you a little bit of background, we know that individuals with low vision 

frequently have challenges related to mobility, wayfinding and navigating in both the 

community and home environments. And the individuals with low vision unfortunately 

experience more falls, and fall-related injuries. They're more sedentary, and spend a lot 

more time at home and often restrict their driving as well. 

And so clearly innovative interventions are needed in order to be able to address 

some of these challenges that individuals are having. But in order to do so, we really need 

to have well developed, psychometrically sound outcome measures that capture the 

patient's perspective of whether or not we're really making a difference with our 
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interventions.  But there is currently a lack of well developed, comprehensive, 

psychometrically sound patient-reported outcome measures for low vision that specifically 

report on functional mobility. 

There are certainly items from some well developed measures that do exist, but 

they're somewhat limited in the number and the scope of those items. So our objective is 

really to develop and to establish the psychometric properties of a patient-reported 

outcome measure for comprehensively measuring the impact of low vision on functional 

mobility. 

Now before I get into some of the methods that, to really develop a patient-reported 

outcome measure that we plan to take, I want to first just highlight some of the differences 

between various psychometric approaches, just as a brief review. So, one approach is to 

use more of a classical approach, or traditional approach, with using classical test theory, 

versus a more modern approach to measurement, which is to utilize Rasch analysis. 

One of the really key differences to take note of between the two is that while 

classical test theory focuses at the level of the test, Rasch analysis focuses more at the level 

of the item. You'll also see that there's differences in terms of the focus for reliability and 

validity as well, where classical test theory is focused more on internal consistency, test-

retest reliability and so on. 

Rasch analysis, again, looks at the item level, so what's the item fit.  What also is the 

ability of the measure to determine different ability levels, so that person separation, and 

the reliability of it, and also allows us to look at person fit, in terms of validity, and also the 

difficulty of different items.  You'll also note that a key feature is that with Rasch analysis, 
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it's -- you're able to develop shorter assessments that are often just as reliable as much 

longer assessments, which unfortunately with classical test theory, has much greater 

limitations. 

So now I'm going to walk through again some of the steps that we're taking in terms 

of -- or that others can take in terms of development of a patient-reported outcome 

measure. So specifically, to start is really to begin with conducting a comprehensive search 

of the literature, extracting various items that are relevant, and noting the psychometric 

properties of these instruments. 

Based on this, we can then begin to develop an initial item bank and scale. But I 

think one of the most critical parts to the development stage or process is really to engage 

stakeholders in the development process.  And so, by conducting focus groups that include 

patients, perhaps even caregiver or family members, clinicians, researchers, to really help 

to identify what additional items are needed, and also to get feedback on that initial item 

bank. 

That takes qualitative analysis to identify what the themes are that are emerging, to 

help and to develop new items, refine items, as well as to develop the scale further. But it's 

really important that again, this kind of circles back to the individuals who are both going to 

be actually utilizing the patient-reported outcome measure.  And so, it's critical to then 

conduct semi-structured interviews to really assess the understanding of the various items, 

understand what their perception of the ease of completing the measure, and then also 

further ensure that we really are asking the questions that are important to individuals, by 

ensuring content validity at this stage. 
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Once we have assessed the patient-reported outcome measure, in the final stages, 

it's then important to then establish some of the preliminary psychometrics of the patient-

reported outcome measure.  And I stress preliminary, because at this stage, we really are 

just going to take that first step of looking at using more classical test theory to examine the 

properties. 

And so we can conduct a pilot study to look at some of these characteristics of the 

assessment.  You can administer the assessment multiple times in order to really be able to 

conduct test-retest reliability analyses, and then also examine the internal consistency of 

the assessment by looking at item statistics and internal correlations and Cronbach's Alpha, 

which really gets us critical information regarding whether or not the items are measuring 

the same thing, the degree to which the items are really probing that same construct, for 

example. 

Again, just as a brief review, in contrast, the Rasch measurement model again looks 

more at the item level.  It allows us to look at different ability levels, and how well the 

measure is able to differentiate between individuals of different abilities, and then is also 

able to help us understand if items are measuring the same construct and measuring what's 

intended, and then whether or not we have a range of items that have more -- that are 

easier, versus more difficult to measure different abilities. 

And so this next stop in terms of patient-reported outcome measure development is 

really to then establish the psychometrics of the patient-reported outcome measure.  And 

this, at this point, we can use the Rasch measurement model to look more closely at the 

dimensionality, so again are we measuring what we intend to?  Is it a similar construct on 
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the various items? We can look at item fit. It also allows us to look at the diagnostics of the 

rating scale, to ensure that the rating scale, all the items, numbers for example on a rating 

scale are being utilized, or whether or not they need to be collapsed or condensed. 

It also provides the output to determine the difficulty level of each item, as well as 

the item hierarchy, to determine what are the easiest items, more moderately difficult 

items, and then the most difficult items.  Next steps can also be to further develop the 

patient-reported outcome measure, depending upon these preliminary psychometrics and 

then the more established psychometrics that have been assessed using Rasch analysis. 

But one benefit of taking these next steps is that there's the potential to also 

develop short forms, or computer-adaptive tests that streamline the assessment to the --

provide less of a burden, I should say, to the individuals who are completing the test, 

and/or administering the patient-reported outcome measure.  And so there's a lot of 

promise for developing these even further to take it to that next step. 

I'd like to just briefly highlight some of my collaborators on the work that I've 

discussed today, and thank you so much for your time. 

DR. NGUYEN:  Great. Thank you, Dr. Grattan, for that great presentation. 

I would now like to welcome Dr. Rakie Cham.  Dr. Cham is a professor in the 

departments of Bioengineering, Ophthalmology and Physical Therapy at U. Pitt. 

DR. CHAM:  Good morning.  Thank you for inviting me. My name is Rakie Cham, and 

I am faculty at University of Pittsburgh, with primary appointment in the department of 

Bioengineering, and secondary appointment in the departments of Ophthalmology and 

Physical Therapy. 
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Today I was asked to give you an overview of the performance-based assessment 

that we do in our lab, focusing on ability and dexterity assessments in adults with low 

vision. I have no financial disclosure or conflict of interest with the presented material in 

this presentation. 

I share a state of the art motion capture lab with four other investigators. Each one 

of us is interested in a specific aspect of human movement, mobility, balance and falls in 

various population. We also have two staff members that keep us alive, a lab 

manager/research coordinator and a research engineer.  We have about a dozen doctoral 

students, mainly bioengineering, and an army of undergraduate students. 

We have two labs included in our facilities.  The first one is a larger lab that is 

specifically designed to run gait studies. It's a large lab, about 80 by 30 feet. It allows us to 

conduct gait studies, including obstacle courses, large mazes, et cetera.  We can also control 

the lighting, both the light color and the light levels. The floor is instrumented with force 

plates, allowing us to record foot forces.  And we have also, it's like a motion capture 

system. 

The other, smaller facility is the human factors lab.  We conduct fine motor 

movement studies in that lab, including tasks that are often for work, such as sorting.  We 

also use this facility to evaluate medical devices, and I'll show you a couple of examples 

later. 

Our research mission at the human movement and balance lab can be summarized in 

three points. One, we would like to prevent falls and fall-related musculoskeletal injuries, 

understand the principles governing balance, movement, mobility and performance of 
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occupational tasks, and then also environmental evaluation using human factors 

engineering approach. We are interested in many populations including elderly, workers 

and patients.  You can see the patients here. I'm going to focus very quickly on vision loss. 

My research is funded by federal agencies, such as NIH and NIOSH, private 

foundations, and also pharmaceutical companies that are interested in using, measure 

mobility as a primary clinical outcome measure to evaluate the safety and effectiveness of 

their treatment. I have many collaborators, very tight collaboration through Medicine, the 

School of Rehab Sciences, and other department as well. 

Assessment of mobility and dexterity. We use a patient-based holistic approach. As 

I mentioned earlier, mobility and dexterity depends not only on vision, but also many other 

factors.  Thus, when we perform assessment in the lab, we adopt a patient-based approach 

and assess other domains that are of interest.  We use well-established outcomes, mainly 

from the aging literature.  The domains of interest that we focus on, obviously vision and 

mobility, but also things like strength, somatic sensation, cognition and mental health, sleep 

and quality of life. 

Next I would like to cover a few examples of balance -- of performance-based 

assessments that we do in the lab. The first one is a balance assessment using 

computerized dynamic posturography. As you know, vision is one of the main senses that 

we use to maintain balance. Falls is a big problem in people with vision loss.  When the 

vision is gone, or reduced, then a healthy individual must increase its reliance on the other 

senses, including somatic sensation and vestibular to maintain balance. 

So using dynamic posturography, we are able to determine for the visual 
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environment, as you can see here, on the right hand side, on that video, and we can 

quantitatively measure how much they're swaying and -- how much the subject is swaying, 

how fast he's swaying, and those are quantity of measures of balance performance. 

So, as an example here, you see a plot on the left-hand side, where on the right axis, 

you have a measure of balance performance, with a higher number being worse balance, 

and a lower number being good balance. This is just sway speed. And on the X axis is a 

visual field loss, with here being a mild loss, and here being more of a moderate loss.  And 

what you can see here with this plot is that as you reduce the visual field, then balance 

becomes worse. 

Again, you can imagine how this tool can be used, not only to assess the impact of 

vision loss on balance, but how also it can improve with a retinal implant, or another kind of 

treatment. 

Other type of mobility assessment that we also do include navigation through 

obstacle courses and large mazes.  Finally, we are also planning a GPS-based assessment of 

community mobility. We are very excited about this type of assessment, as it's an 

ecologically valid assessment focused on naturalistic environment. So this work has been 

started by Dr. Rosso here at Pitt, and I'm showing here an example, an older adult, and 

what she has done is looking at mobility range and travel patterns in older adults pre-

intervention, so you see that little green circle, and post intervention, the red big circle. So 

again, we're hoping that this kind of assessment will be sensitive to treatments in 

(indiscernible). 

All right. Let's switch gears over here, and tell you what we do in our human factors 
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assessments.  So our goal is to promote independence and productivity by enhancing 

function at home, at work and in the community. So we use a traditional human factors 

approach, where we first evaluate the needs, the interest and associability of the patient. 

Once we understand that, then we assess our current technology, the impact of therapies, 

and environment, where they are using that technology. 

And we have -- and then, the next step is to develop new and effective, innovative 

solutions, (indiscernible) they're using assistive technology, and we're able to modify, to 

better address the needs of the patient.  So again, typical, traditional human factors 

approach. We have Dr. Veteran (ph.) actually, part of her lab that has done a sabbatical at 

the FDA, and he knows all about FDA-based evaluations as well. 

One example of dexterity assessment that we do is the Purdue Pegboard Test.  This 

is a well established test with published age-related norms. This lovely lady that you see in 

the video is using an assistive technology to do the test. She also performed the test 

without the medical device, and so you can compare performance, with and without the 

medical device. Or we can also look at other kind of treatments. 

The outcome measures that we look at, we keep track, obviously, of the number of 

pegs, the errors and the time, but more importantly, we can get really quantitative by 

measuring head movements. And this is what you see in the plot.  Each one of these cycles 

that you see is a peg placed into the hole.  This is the plot that you see, is done by a, it's for 

a healthy control. And so, what we can see, and we can specifically tell which phase is the 

patient having trouble with.  Is it to reach, is it to grasp, is it putting, actually placing the 

peg in the hole? And so we can get really quantitative. 

Free State Reporting, Inc. 
1378 Cape St. Claire Road 

Annapolis, MD 21409 
(410) 974-0947 



 
 

 
  

  
 

 
      

         

   

       

 

  

       

           

     

        

    

       

   

      

  

   

         

     

    

     

      

       

79 

We are becoming experts in assessing dexterity with a recent NIOSH grant that was 

awarded to us just recently. September 1st was the start date. And here what we are doing 

is focusing on people with low vision. And so what we'd like to do is assess what kind of 

task, if a person with specific vision characteristics is able to do.  As you know, people with 

low vision are not employed, are under employed, and they're often not matched with the 

right job, given their vision and their abilities to do things. 

So, what we have them do in this grant is do several work-related tasks. So for 

example -- let me get my cursor here. So for example, this is a sorting task.  This is a task 

where they have to match the nuts and bolts with various sizes.  There is an electric circuit 

task. And so again, the point of this is to be able to quantify what they're able to do given 

their vision characteristic. Thank you. 

DR. NGUYEN:  Thank you, Dr. Cham. That was a really great overview of a lot of 

great work that's being done at Pitt, looking at clinical assessments. 

So now we will welcome Dr. José Sahel, who is a distinguished professor and 

Chairman in the Department of Ophthalmology at Pitt. 

Welcome again, Dr. Sahel. 

DR. SAHEL: Hello. In this session, we are going to discuss the ability to test in real 

life what is called naturalistic conditions, the impact of impairment and on potential 

therapies. I alluded to that in the introduction. 

So I'm going to present a platform that we developed in Paris but is now being 

reproduced and expanded in Pittsburgh, and Rakie is going to talk about it also.  My 

disclosures are the same as I showed yesterday.  In the context of this is the funding my 
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Department of Defense and (indiscernible) and funding by Pixium Vision and GenSight 

Biologics on clinical trials. 

The key question is the following.  Is a change of visual acuity really meaningful?  For 

patients, they tend to say that visual acuity is no longer so much of an issue because of 

alternative technologies.  But mobility, face recognition, emotion recognition are much 

more important. This is assessed in the, far less than the (indiscernible) in complex and 

really evolving field of patient-reported outcome, performance best tests and other. 

Many studies have worked to try to determine what are the main difficulties in the 

daily living tasks related to peripheral deficit, or central deficit, like in RP for peripheral or 

glaucoma, central deficit like AMD.  Visual recognition is more relating to central, 

locomotion to peripheral, but spatial orientation requires both. Reading traffic signs 

requires central vision.  Detection of obstacles is really related to both. Face perception is 

more central.  Object search and grasping is both peripheral and central. 

So it's very difficult to separate the two, and you have to assess both in parallel, but 

try to fit a manual task to be related. So we developed a platform called Street Lab, where 

we wanted to really assess, in a very comprehensive way. We have a situation of patients 

with visual impairment, not really blindness, but strong visual impairment. So reaching for 

mobility, adaptive mechanisms and more importantly, the benefit of new therapies. 

So we initially developed a low vision simulator, I won't spend on that, an 

apartment, where we reproduced the life at home, and a driving simulator, that is going to 

be an important thing in the future about driving and of a situations. But I'm also going to 

emphasize something which is really done in what we call daily activities, and this is the 
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artificial street, called the Street Lab. 

In Street Lab, we have developed a room that is really like a theater, where a patient 

can move in an environment that can be fully controlled, in terms of lighting, from zero to 

2,500 lux, in terms of temperature, of color, with a 3D sound system.  And those are the 

environment is to modifiable at will, like in a theater.  This is equipped with eye tracking, 

body tracking, head tracking and motion capture, using Vicon and initial sensors. 

This leads to the ability to monitor what's happening in daily life, and this coupled 

with virtual reality in some situation, where we can both have the real movement and the 

virtual reality in an immersive environment. So I'll try to touch upon all of this in my 

presentation. 

We place on the patient different markers to be able to monitor her movements. 

And as I said, there is also eye trackers, and head trackers. And when we track all the 

movement, whether the gait, the gaze, the direction of movement. This is, for example, a 

patient affected with retinitis pigmentosa.  You see a visual field in the center, the direction 

of the gaze, the trajectory of a patient, and the movement, for example the gait that is 

measured in her movement. 

And we correlate, actually, the working cycle, the trajectory, the size of her visual 

field, and also the head movement in relation with the importance of the deficit in the 

patient. There is also an assessment of gaze, behavior, the direction of gaze in three 

dimensions, the rotation of the eyes.  And as you can see, in patient affected with advanced 

disease, the second of the two (indiscernible). 

How does this apply in real life? We develop many projects.  I'm just going to show 
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you in current project.  One is called Proma, which is mobility for extremely low vision in 

patient affected with a very end stage retinitis pigmentosa. It's the ability to follow a line 

on the mobility course, with different corners, different width of line, different contrast, 

and different levels of low vision that have been assessed. Twenty-four patients with non-

syndromic RP, ARP and low vision have been assessed. 

In parallel, we felt that it would be important to reproduce what's in many 

environments, so we developed a virtual reality testing, that is using in correlation to with 

all the outcome that we know in patient, like UOCT, visual (indiscernible), visual field, and 

the quality of life, the measurement that are going to be used to develop and to 

demonstrate the ability to restore some level of vision in the patient. 

So this has been done by comparing the walking performance in the maze and in the 

real situation, which means that the patient is even moving in a real environment, that 

comprises a very complex maze, or in a virtual environment, that is exactly reproducing 

that.  And what was assessed in this study is a trial duration, the walking speed, the number 

of errors, collisions, the need to intervene, head and feet movement and eye tracking. 

And what this study, which is not yet published short, is but there is a very good 

discrimination as compared to the naturalistic environment, very good reproducibility 

between sessions, between modalities, which means that the real environment versus the 

virtual environment, the correlation is really correct, close to a 0.95. Good correlation, so 

we've contrast in CVDT, we've a size of a visual field, and we've dark adaptation, especially 

when we were looking for (indiscernible).  So there is a good reproducibility, and this is 

something that is probably likely to be useful for civil studies. 
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This has been exported to Pittsburgh, and is now actually being developed further in 

Pittsburgh, and in collaboration with the team in Paris. There's a good user observance. 

We were concerned that patients may not like the virtual environment. Actually, many 

patient enjoyed it, and more than 78% of patient thought it was reproducing their daily 

activities in daily life and their difficulties. 

This type of testing has been applied to testing of prosthesis, both the Argus and 

more recently with Prima, in this environment. It has also been applied to (indiscernible) 

trial.  This is not the focus of today, but we have been able to use, for example, this for eye-

hand coordination in real environment. 

So there is a very dedicated platform that has been developed, that is evolving 

constantly in collaboration between Paris and Pittsburgh. I want to thank especially 

(indiscernible), who helped me in preparing this slide deck, and really emphasize the 

importance of trying to correlate what we are able to measure through objective testing, 

through this type of performance-based test. 

We had patient are reporting, through patient-reported outcome, and this is 

something which is going to be extremely important in the coming year, if we want to be 

able to demonstrate the benefit of therapies, but just also to start with better 

understanding what is used, patient affected with blinding conditions are experiencing 

every day. Thank you very much. 

DR. NGUYEN:  Thank you, Dr. Sahel. 

We will now share a video from John, who is living with retinitis pigmentosa. John 

has been a part of the steering committee as we developed this workshop, and he will later 
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join the moderated panel discussions that follows, representing the Blind and Vision 

Rehabilitation Services of Pittsburgh. 

Thank you, John. 

MR. McINERNEY:  My name is John. I lost all my functional vision in my early 40s 

from retinitis pigmentosa. I grew up in the Boston area, and was diagnosed at a very early 

age, about 5 years old, at the Massachusetts General Hospital Eye and Ear Clinic. I 

consequently grew up with central vision of about 20/70, corrected, very little peripheral 

vision, less than 10%, and little or no night vision. 

Growing up and going to grade school and high school, I did not have any 

adaptations except I had to sit in front of the room to see the blackboard, and I wore very 

thick glasses until I got contact lenses as a junior in high school. 

The only benefit about being legally blind during that period of time was that I 

received a full scholarship from the Massachusetts Commission for the Blind, and attended 

the University of Notre Dame, and obtained a B.S. degree in aeronautical engineering, and 

then received a graduate stipend from the university, and stayed and got my master's 

degree in mechanical engineering. 

A key thing that made my corporate career successful was that in my early 40s, I was 

having difficulty with my vision, being able to do my job efficiently, and to travel safely.  I 

went to a rehabilitation program, and went through a customized expedited program that 

included mobility training so I could travel safely.  I learned Braille.  I learned daily living 

skills, and got into access technology, which was available at the time. 

During my life, there were things that I wish I could have done. For example, I love 

Free State Reporting, Inc. 
1378 Cape St. Claire Road 

Annapolis, MD 21409 
(410) 974-0947 



 
 

 
  

  
 

 
        

   

  

       

         

   

   

        

     

         

    

 

       

      

    

  

  

     

    

     

        

  

85 

playing sports and watching sports, and wish I could have done more of that. I never did 

drive, obviously, because of my vision impairment.  And some of my personal and 

professional goals were not obtained. 

I have not participated in any bioelectronic implant studies, and at this point, do not 

have any plans to do so.  Again, I appreciate all of you participating in this workshop, and 

hope that the information you obtain will help you achieve both personal and professional 

goals. Thank you. 

DR. NGUYEN:  Thank you, everybody.  And that concludes our presentations. So I 

think you can see that incorporation of the patient's voice into regulatory decision making 

has been a real top priority for FDA. And it's exciting to learn about how we can develop 

these tools to ensure that we are capturing what is important to patients as we think 

through product development. 

So, with that, it is my pleasure to welcome Dr. Michelle Tarver, who will be the 

moderator for the next session. Dr. Tarver is an epidemiologist, a board-certified 

ophthalmologist, and currently serves as the Deputy Director of the Office of Strategic 

Partnerships and Technology Innovation at FDA. 

Welcome, Michele. 

DR. TARVER:  Thank you very much, Dr. Nguyen. 

Well good day to everyone, and welcome to the question and answer discussion on 

patient-focus assessments, that include clinical outcome assessments as well as patient 

preference information.  Our speakers have given us very rich insights about the importance 

of measuring the patients' daily world experience and their perspectives, in a structured, 
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well-defined manner, such that it can be used to inform regulatory decision making. 

As Tieuvi said, I am Michelle Tarver. I'm the Deputy Director of the Office of 

Strategic Partnerships and Technology Innovation. And our office is responsible for 

providing strategic leadership for a number of efforts, including the Patient Science and 

Engagement Program, the Digital Health Center of Excellence, the Medical Device 

Development Tool Program, Standards and Conformity Assessment, and Advancing Health 

Equity. 

It's really an honor to be able to moderate such a distinguished panel today. 

Unfortunately, one of our panelists is unable to join us, so regretfully we'll not be able to 

hear his unique experiences.  However, we do have an incredible lineup of discussants for 

today. 

You've already been introduced to the speakers, Drs. Gebben, Bocell, Chew, Grattan 

and Mr. McInerney.  And as  a result, I'm going to go ahead and get things started.  Please 

submit any questions you have, and we will try to get to them during our discussion. So, I'd 

like to pose the first question to John. 

John, as you shared during your video, you have had a number of experiences that 

have threatened your vision, or caused you to lose your vision, and as a result, you've been 

able to leverage certain opportunities. But there are important things that you commented 

on that you'd like to be able to do. And I'd like you to speak a little bit about that. Can you 

tell us a little bit about what outcomes you think people with profound vision loss might 

want to have available to them with the new technologies that are being developed? And 

could you also speak about what benefits and risks that you would find most meaningful for 
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these new technologies? 

MR. McINERNEY: Yes, Michelle.  Thank you. I function very well as a blind person. I 

use technology. I travel, et cetera, et cetera. So, a patient outcome for me would be 

significant increase in vision to the point where it would almost reflect normal vision, such 

that I could go to sporting events, potentially drive, travel globally, unencumbered, et 

cetera, et cetera. 

However, I clearly recognize the fact that the patient outcome is going to vary from 

patient to patient. Another person who has profound vision loss may be totally okay with 

just being able to identify large objects, as an example. However, as I indicated, I would --

my outcome is very aggressive, and I would like to be able to get close to normal vision. 

DR. TARVER: That's very helpful. You've alluded to the fact that every patient has 

different expectations. And I think we've heard in previous discussions today about how 

expectations and appropriately addressing or meeting those may be an important 

consideration for the risks that people are willing to undergo. 

Dave, could you speak a little bit about the methods that may be used for us to 

better understand or weight those particular outcomes for a particular clinical 

investigation? 

DR. GEBBEN:  Yes.  There is multiple patient preference methodologies that could be 

used to weight, or just rank even, what types of outcomes would be most important.  For 

instance, we could use best (indiscernible) to find out from the patient's perspective, say 

there's five different outcomes possible, which of those would be most important, which 

might be least important.  If we're looking for more of a value of saying hey, would you 
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trade this benefit for this, we could use something along the lines of a discreet choice 

experiment, or a threshold technology to gain those insights to understand from the patient 

side of things, what would be most important. 

DR. TARVER: So I think you both are speaking to the importance of, one patient's 

perspective doesn't look like all patients' perspective. I think you've also spoken to the fact 

that there are outcomes that we would really like to have, but there are outcomes that we 

may not be able to accomplish with a particular technology, or may not be able to observe 

within the duration of a clinical study. 

One of the things that I'd like to talk about, and Emily Grattan, if you could 

potentially answer this, in the work that you've done, how have you assured that the 

assessments being developed are reflective of the benefits patients may experience in their 

everyday life, and could be a useful outcome for medical product evaluation? 

DR. GRATTAN: Thank you for the question.  Absolutely.  I think that most 

importantly, I think it's really critical that we include patients in the development process of 

these questionnaires and patient-reported outcome measures from the very beginning, to 

really ensure that we're capturing what's important from the patient's perspective.  And so 

some of the most useful methods really, I've found, are really to be conducting interviews 

and focus groups with these key stakeholders, again to make sure that we're truly 

measuring and capturing relevant information, to make sure that we're really making a 

difference, in terms of the outcomes that we're measuring. 

And it's also important to really think about, we can't underestimate the importance 

of getting feedback from patients regarding the wording of some of these questions or 
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items, the scale, the general clarity of the questions that we're asking, as well.  And there 

are certainly some challenges with the development process, in the sense that it can be a 

long process as well, given these steps that we need to take to ensure that the validity is 

there, in terms of we're asking, again what's really critical and important to individuals. 

DR. TARVER: I think that's an important point, that it takes time, and it's important 

to have patience as partners. 

John, I'm going to ask you a question about the engagement of patients as partners. 

How can we better prepare the patient community to be part of those research teams, so 

that they can contribute in the development process for clinical outcome assessments? 

MR. McINERNEY: I think it's very important to get the perspective of the patient in 

terms of what outcome they are expecting, and then can you get to that outcome from the 

research efforts with all of the people involved in that particular research? It's really 

important to match the patient expectation with the research outcome. It may be, in some 

cases, as I indicated, you know, my preferred outcome, normal vision, is probably not 

achievable with today's technology. 

But 5 years from now, 10 years from now, 50 years from now, who knows? So, 

that's why I think it's really important to match the outcome, the patient expected outcome 

with the research goal. 

DR. TARVER: You know, one of the things that we at FDA have put out, we've put 

out a guidance document that talks about the importance of engaging with patients in the 

design of clinical studies, including clinical outcome assessments as well as patient 

preference studies, so having them as part of the study group, because patients bring great 
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insights into that process. One thing that I think is really important to talk about as well are 

the right patients being part of the evaluation process. 

Emily, I'm going to -- Emily Grattan, I'm going to ask you to start with this, and then 

I'm going to ask Emily Chew to talk a little bit more about it. How do you find patients that 

fit within the scope of your peer-owned development tool? For example, if you are looking 

at people who are across a broad spectrum of vision, how do you find patients, and 

incorporate enough patients to make sure that you're not missing some important 

concepts? 

DR. GRATTAN: I think one thing to think about is what is the overall purpose of the 

tool or the questionnaire? So is it for a specific patient population in particular, that you're 

trying to be more narrow, or is it for a more general population as well, is one 

consideration, in terms of your recruitment, and so, to ensure that you do have 

representation from the appropriate groups and such. 

I've found recruitment in general, that people, patients are very excited to be parts 

of these kinds of interviews and these opportunities, to have their voice be heard. And so, I 

fortunately found that recruitment has not been that challenging, in terms of really getting 

people to want to be involved in that stage of the development process. 

DR. TARVER: So Emily Chew, you spoke a little bit about the development of the NEI 

VFQ.  And one of the statements you made about, were some of the challenges with that  

particular instrument. Another challenge with that instrument is the spectrum of vision 

that it would be sensitive to detect, in terms of the items that are on that questionnaire. 

Could you speak a little bit about, from your vantage point, as you're seeing increased 
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technological development, and some of the work that the NIH has funded, can you speak a 

little bit about something that -- the things that COA developers should consider at the 

outset, when they're developing these tools, so that they can be agile to an ever-evolving 

technological landscape? 

DR. CHEW: Well thank you for that question, Michelle.  You know, as you heard 

already, I think we know that (indiscernible) has done, with the FDA collaborations, but the 

collaborations of different agencies, I think is crucial.  NEI is very committed, and as we 

obviously are too really, agency that we need to work together on that. We also have other 

stakeholders, you know. If Todd was here, he would be talking about the FFB. It provide --

you know, they register patients who are really keen to work, and try to find new solutions 

that -- and this is something he would be very keen about. 

We work with the academic centers, (indiscernible) the field studies, and within the 

focus groups we've done, that was really important.  So it's important to engage multiple 

groups of people.  We still probably can't get the most vulnerable populations. It's hard to 

study those people. But, I mean, we should be able to find some way that we can actually 

get at those, you know, that are making sure, and (indiscernible) in making sure that people 

who are under represented could be, also have a voice as well. 

So, that's really important.  And in terms of the, you know, the people acting 

together, that really does take a lot of resources as well. So, it's not -- this research is not 

simple. I mean, to have stakeholders who are going to put in the, both the resources and 

the efforts, and then we talk about how this is developed, the scales are developed.  And 

we need the expertise from those who are working, like Emily Grattan and others who are 
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working on this and the psychometric folks who have really been keen in working on this. 

So, it's really a big collaboration of a number of people.  And it's not a one-time 

thing.  It also evolves over time. Technology changes, and people's needs change as well, 

because of the rate that technology has developed. 

DR. TARVER: Thank you. You know, I think you've spoken very clearly about how 

not only the technology that's treating the underlying condition changes, but the world 

changes too, in terms of how we live our daily lives. 

Fraser, could you talk a little bit about how the FDA's recommendations in some of 

their guidance documents, I know you alluded to it in your talk, but do we always have to 

start over from scratch, when we're creating new PRO measures?  Or are there 

opportunities to try different approaches? 

DR. BOCELL:  I know, that's a great question. I think Emily made a good point in her 

presentation about going back and modifying, and doing a reanalysis of the NEI 

questionnaires.  And that's something we can do, is go back and look and see, does it still 

work? Is there something we can do? Can we drop items, can we add items, can we 

modify, to make it work better?  And also just continue to think towards the future, in 

general. 

Dr. Sahel's talk was talking about a driving simulator. That may not be relevant right 

now, but we expect that to be relevant in the future. So, keeping that in mind, the future, 

where we're going with the technologies, and in terms of using techniques that allow us to 

kind of make modifications as we go along, plan for the future. 

DR. TARVER: So, I'm going to ask this as a general question, for those of you on the 
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phone, who've been actively involved in developing clinical outcome assessments.  And, you 

know, we've heard about, it takes time. We've heard that it's important to involve 

stakeholders and to partner. Can you speak to some of the practical challenges people 

encounter when they're developing these tools, and what are some approaches you all have 

taken to mitigate them? 

So I'm going to start first, with you, Emily Grattan, and then I'll go to Emily Chew, 

and then Dr. Bocell, if you'd like to chime in, you're welcome to as well. 

DR. GRATTAN: Yes.  I think some of the challenges, as you, you know, mentioned a 

little bit as well, is the time, certainly that it takes.  You know, we are talking about -- and as 

well as one of the reasons for the time that it involves, is that it does require rather large 

sample sizes.  So we need a lot of individuals to pilot test some of these earlier stages of the 

questionnaires or patient-reported outcome measures. And so, with that, again time, and 

of the resources, in order to able to really carry out that work is one challenge, I guess I 

should say, or something to be aware of in terms of the process. 

The other thing that can come is that, you know, some of the other stages of the 

work may show that some of the items, you know, may not be performing as, have the 

adequate psychometric properties that one needs in order to ensure that the assessment is 

reliable, or is valid.  And so, there can be some refinement, of course, along the way, 

through methodological stages.  But those are some challenges that can arise, I guess I 

should say. 

DR. CHEW: So Michelle, I think one of the things, I think is it needs a regular, you 

know, updating because things change, as you said.  The world changes, and people's needs 
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change.  And the technology itself changes dramatically.  So, what we did 20 year ago 

certainly isn't, you know, suitable for the modern world today. So there's a lot of upgrade. 

Again, that takes resources, again so larger sample size. And, but as Fraser said, maybe we 

could look at what we've got and try and figure out what we could salvage from what we've 

got and try and put that together. 

Resources are not going to be, you know, readily available for -- you know, every 

time we do this, (indiscernible) a focus group for a large sample size. And some of the 

crucial things stay the same, I think. When we talk with John, I think, some of the things 

that remains throughout life are pretty constant, but there are some nuances and changes 

in how we achieve some of those things. So the technology, and again, the updating is 

really important, I think, in the future. 

DR. TARVER: Fraser, before you answer, I'm going to throw you a little bit of a curve 

ball, so forgive me for this.  You know, what we're hearing is that there is this theme that 

science evolves. Things are not static.  And there is the need for these tools also to evolve. 

Can you speak a little bit about question banks, or item banks, and whether that might be 

an approach that we could explore in the future, to ensure we can assess the spectrum of 

visual function in the various patient populations over time? 

DR. BOCELL:  No, and that's a great point. And I think Emily touched on this a little 

bit with her discussions of Rasch.  But with item response theory, you can create a scale 

where you're able to add new items in to an item bank and calibrate them along with it, so 

put them on the same scale, be able to score them together. And with something that 

you're relatively unidimensional, like function, as you're improving the technology and 
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adding abilities to what you would expect your patients to be able to do, you could actually 

add new items to that item bank to better assess. 

And so, if you're hitting the ceiling where everybody can do everything you're 

already asking, you can add in more challenging items, and get to really know what you, to 

expect from their abilities. 

DR. TARVER: That's a good point. You know, I wanted to tease out one other thing 

that I heard you all allude to.  And this is actually coming to you, Dave Gebben.  When you 

are looking at a whole lot of items, there's a whole lot of topics, you talked a little bit about 

using best-worst scaling as an approach to pick and choose, because honestly, we don't 

want to make things too burdensome. 

And I think, Emily Chew, you spoke a lot about the importance of something being 

short and sweet, because it's important for it to fit within a clinical trial framework. 

Dave, as you think -- as we're talking about development of tools, so whether it's a 

patient-reported outcome, some of the performance or mobility courses that you've heard 

about, could you talk a little bit about how you go about developing a patient preference 

study that would be able to clearly spell out these attributes, so that patients could give 

their insights on these particular outcomes? 

DR. GEBBEN:  Great question, Michelle.  I'll start with the bad news, which is, it's 

hard. But then I'll move to the good news, which is, it's achievable. And it really does start 

with the conversation between the patient groups and the researchers to figure out, what is 

the research question?  What is it that a variety of patients would say, this is what 

effectiveness would be for me, or this would be, this would indicate a meaningful 
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improvement with this technology. So it could be something along the lines of, very similar 

to a COA development, where we talk with the patients, so we were not having to start 

completely from scratch, so maybe some work that could be done in parallel, for the 

patient preference study. 

But once we have developed that, it could be, we could use the patient preference 

information to say, yes we see these three or four pieces of information, that indicate 

improvement, but what we're hearing from the patient voice is that this one thing is most 

important. So let's put our efforts into developing this one particular attribute, if you will, 

in the patient preferences, or this particular endpoint, let's work on developing that, and 

make that was efficient and meaningful as possible, so that we don't end up having to --

firing all five things that are important. 

Maybe we should use patient preferences as a way to say, you know what?  We're 

seeing that this one, maybe two, are the most important. We can focus our resources here, 

to develop that more efficiently. 

DR. TARVER: I think you bring up a really good point.  The application of patient 

preference information along its entire development continuum, whether it's determining 

which tools that you want to develop, in terms of which concept you want to prioritize 

developing, either a patient-reported outcome measure, or other clinical outcome 

assessment, whether or not it's something that's going to inform your endpoint 

prioritization within your actual trial, when you already have tools. 

And then also, if you've already done your study, how do you look at the benefit/risk 

tradeoffs that patients are willing to make, so you have that value framework, and compare 
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it to the regulator value framework? 

That being said, John, you spoke specifically about, for you, the only -- that normal 

vision is what your endpoint would be. So, I guess in a preference study, you've kind of 

ceilinged or floored out at one particular option you would not trade, because you would 

like normal vision.  But could you speak a little bit about some of the risks?  And I know that 

you've heard a little bit about them in some of the discussions.  And there's a long 

continuum of risks. As you think about your desire to see, let's say a sporting event, what 

risks would you be willing to accept, to be able to see a sporting event, in terms of a device? 

And John, if you could unmute yourself, that would be helpful.  John, I'm not sure if 

you can hear me, but if you could unmute yourself, that'd be great. 

I think he's working on it. 

All right, you are still muted.  There we go. 

MR. McINERNEY:  Sorry about that. 

DR. TARVER: No worries. 

MR. McINERNEY: Yeah.  I apologize for that. It's just I'm flipping between different 

applications here with my screen reader, and it's not always obvious as to where you have 

to go. 

So, I'm sorry, Michelle.  Could you repeat the question? 

DR. TARVER: Sure. You mentioned that, for you, the benefit that you would deem to 

be -- your expectation is normal vision. That's what you would be willing to risk having a 

more invasive procedure, in order to -- or a more invasive device placed, in order for you to 

have normal vision.  And I wanted to hear a little bit about what risks would you be willing 
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to accept for that outcome. 

MR. McINERNEY: Okay.  So, the risks I'd be willing to accept, since that's a like, an 

outstanding outcome, would be pretty significant.  For example, the risk of implant could 

not mess up my current vision, obviously.  I think the biggest risk would be if the implant 

could have any other impact on my overall health, because I'm in pretty good health.  I'm 

very active, and I do all kinds of things. So, to me, the biggest risk would be if the implant 

would have an -- would negate some of those abilities, those health wise abilities, from my 

perspective. 

DR. TARVER: All right, that's very helpful.  I think that, you know, as Dave alluded to, 

everyone as a benefit/risk tradeoff that they're willing to make.  And for some people, it 

might be that the burden of multiple clinic visits may be too much to fit into their daily 

lifestyle, as well as other things. So, I think it's really important, as you've alluded to, John, 

that we include patients in the conversation as we think of solutions. 

So, as we are about to close out, I want to give you the opportunity to leave us with 

a final take-home message that you would like us all to hear and to think about as we are 

developing technologies to address profound vision loss. 

MR. McINERNEY: Yeah.  So, my final thoughts would be to continue to develop the 

technologies and to move the entire bioelectronic implant technology forward.  Now, I 

forget who made the point that there's limited resources, so you have to evaluate what 

makes the most sense.  You cannot do everything, because in the real world, you always run 

into constraints, whether technology, financial, whatever. 

So the question would be, moving forward, what is the most realistic outcome, 
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patient outcome that one could achieve over the short term, and maybe you'd consider the 

long term, et cetera, et cetera, such that it would be a huge benefit to the patient 

population with profound blindness? 

DR. TARVER: I think those are words for us to work and develop by, you know.  Do 

things for the patient, with the patient front and center. 

With that, this concludes our panel discussion.  Thank you all so much for your 

wonderful insights, your great comments, and your patience with my questions. So I will 

now turn the session back to our MC, Dr. Tieuvi Nguyen. 

DR. NGUYEN:  Great. Thank you so much, Michelle.  And thanks to all the panelists. 

That was a really amazing session. Also, I wanted to give a big thank you to all our engaged 

audience members today. 

I think that we're all ready now to take a break for lunch.  So, when we come back, 

we will hear presentations about effectiveness endpoints. So we will see you all back here 

at 12:20 Eastern Time.  Thanks. 

(Whereupon, at 11:35 a.m., a lunch recess was taken.) 
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A F T E R N O O N  S E S S I O N 

(12:20 p.m.) 

DR. NGUYEN:  Welcome back, everyone.  Now that we have discussed the different 

types of safety assessments that are needed for the evaluation of bioelectronic implants, 

and the importance of clinical outcome assessments and patient preference information, 

we will now turn our focus to the types of assessments needed to evaluate overall 

effectiveness of these devices. 

I would like to welcome back Dr. Gislin Dagnelie. Dr. Dagnelie helped us kick off the 

day as a panelist for our safety session, and will now present an overview of clinical 

effectiveness endpoints. Thank you. 

DR. DAGNELIE:  Good afternoon.  I am very pleased to talk to you about clinical 

effectiveness endpoints and evidence this afternoon, and I thank the organizers for inviting 

me. I have to disclose that I'll be talking about one patient-reported outcome and 

performance measures that were developed at Hopkins and that are being licensed. 

So, I'll be talking first about what we aimed for when we started to work on 

electronic visual prostheses.  And this goes back to 1992, (indiscernible). 

(Video plays.) 

DR. WAND: (Indiscernible), on the retinal surface. 

UNIDENTIFIED SPEAKER:  Yeah, and vulnerable term, (indiscernible). It flashes on 

and off, on and off. And (indiscernible).  And (indiscernible), so (indiscernible). 

DR. WAND: I'm walking up the retina here. 

(End of video.) 
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DR. DAGNELIE:  So you heard Dr. Eugena Wand (ph.), a surgeon, and our very first 

subject for retinal stimulation. And the patient was seeing dots of light, and more precisely, 

he was seeing small, 1 degree percepts in the correct location that would correspond to 

optical projection into the eye, and would flicker, that could be as fast as 40 flashes per 

second. 

So, that made us very optimistic about the possibility of developing retinal 

prostheses. One of the problems that we had to deal with was that a head-mounted 

camera would not translate eye movements into a change of the image. And we did not 

know how hard it would be for patients to learn to work with stabilized prosthetic vision.  

So, we developed an experiment, that was a simulation in normally sighted people. Our 

subjects were wearing a head-mounted display, as it was then, around 2000. 

Inside the head-mounted display, we had an eye tracker, that located the gaze 

direction and adjusted the location of the image that was being presented, so that it would 

track the gaze. And we could feed either real or virtual imagery into the system.  So, I will 

show you what it looked like when we did a mobility test. 

On the left, you see the raw scene, a series of ten rooms, that the subject had to 

navigate with a joystick, and on the right you see what the subject was seeing, a grid of 6 by 

10 dots. And you see the doorway. The subject's going to aim for the doorway. And once 

he gets through the doorway, he will look for the digit 2 on the wall, and then look for the 

door into the next room. As you can see, every time the subject moves his or her eyes, the 

image follows the eye movement. 

So, at that point we were very optimistic that prosthetic vision would be good 
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quality, that we would see nice dots of light, and that we would be able to create an image 

if we had enough of those dots, so enough electrodes on the retina, or under the retina. 

Unfortunately, things didn't work out quite as easily. And the first thing we discovered, 

already in the operating room, was that if we stimulated with multiple electrodes, for 

instance a row of electrodes, we got crude shapes rather than a row of dots. 

And those crude shapes would be recognizable, but certainly not clear, much more 

blurred than the single dots. And instead of the 40 flashes per second that we could see 

with single electrode stimulation, we only could get about 7 flashes per second. So clearly, 

there were differences as soon as we started stimulating more than one electrode. And the 

question was, what went wrong? 

Well we didn't understand at the time, but in 2003, Marc & Jones came out as the 

first ones with convincing evidence that the retina, in retinitis pigmentosa, end stage 

retinitis, is thoroughly disorganized. After the photoreceptors disappear, there is a 

migration of bipolar cells, and a extensive rewiring, with neurites sprouting from bipolar 

cells, loss of ganglion cells, at least a substantial percentage of ganglion cells.  And so this 

retina is very differently organized from the normal retina. 

And when you compare the size of the AMS electrode and Argus II electrode, just as 

two examples, one epiretinally, one subretinally, then you can see that they probably are 

going to stimulate a number of cells, and that all these cross-connections are going to 

thoroughly change the way the signal is transmitted.  And as soon as you have multiple 

electrodes stimulating at the same time, you're going to have reverberation and 

interference between electrodes. 
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And we can visualize that by looking at this tracing task. Here is a normal view, what 

we asked our subjects to do.  And these were normally sighted subjects, but we would give 

them a blurring filter that would simulate the retinal prosthesis. And that's what you see on 

the right.  So, the subject now has to find the circle with the dot in the center, which is not 

easy, has to trace, with a stylus, along the path.  You can't really see the stylus, maybe a 

little bulge, until they get to the end, and that was the goal of the experiment. 

And so you can see that we began to understand that a retinal prosthesis would give 

us very blurry vision, more like moving shadows, and definitely not something that would 

be easy to get used to or that would allow detailed vision. 

Here's another simulation of what a person might see.  The field of view of the 

camera is the wide, is the total image here, but only the central rectangle is being shown. 

Let's look at that again. So the user sees, the Argus II wearer sees a dark shadow moving 

through the field of view.  And one of the things that we learned later on, is that too much 

white in the image makes it hard to see the dark area. So we invert the video, and now you 

have a dark image, with a white person walking through, which is easier to see for the Argus 

wearer.  Regardless of what they see exactly, it is very clear that prosthetic vision is very 

different from normal vision. 

Here are some of the things that our Argus II patients could do, and they were 

published in various places.  So here is the subject, on the right. She has to find, with her 

camera, a square on the screen, and put her finger on the square, and we measure how 

close she gets. And then as soon as she does that, another square pops up, and she has to 

look around again, and put her finger on the square. On the left, you see a screen with the 
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raw image, and the stimulation patterns of the electrodes. 

And here is a similar test for a bar that moves across the screen, and she now has to 

trace the direction of the movement.  And if you look on the  left side, you can see the bar 

across the screen, and you can see the electrodes lighting up, in sync with that pattern. 

Here again, you see the electrodes lighting up. 

So those were square localization, direction of motion, two tests that were 

extensively used by Second Sight, but also later by others.  Some of our subjects, quite a 

few actually, could recognize letters, and some were good enough that they could actually 

recognize, or learn to read words.  This was a subject in Paris. Look at his head movements. 

He is scanning the letters, one by one, and then he comes up with the answer. 

And here is the task that I showed you before, the tracing task, done by one of our 

implant subjects in 2009, very soon after he had been implanted, at first, at a number of 

practice sessions, but this was only his second session, where he actually tried to perform 

this test. So, we're giving him -- initially we're giving him auditory feedback when he gets 

outside the trace, just to help him learn that. 

Now, he had a little bit of light perception, so even with the system off, he could put 

his finger on the dot. And for that reason, we patched his eyes when we turned the system 

back on, and now he only had his electronic implant to give him guidance of where he had 

to trace.  And these are very slow process. I've cut out quite a bit of the video. But he 

managed to follow the trace and get to the end. 

Here is a summary of functional performance measures that were published for the 

Argus II, and the Alpha AMS. Grating visual acuity, you can see that the Alpha AMS has 
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substantially higher resolution, and that's understandable because the electrodes were 

smaller.  It was expected.  But when you start looking at other measures, then the 

differences are actually very small. Letter recognition, you can see that about half of the 

subjects in both systems were able to do that.  The highest resolution was definitely better 

with the Alpha AMS. 

When we zoomed with the Argus, we could get a similar resolution to the Alpha 

AMS, which tells us something probably about the retinal resolution.  Word reading, not 

completely comparable since only a few -- only one subject with the Alpha AMS could do it, 

but I don't know how much they tried. And it was only 20 percent of our subjects with the 

Argus II. 

Object localization for both systems was very good. Movement detection was good 

about more than half.  And hand-eye coordination was not reported for the Alpha AMS, but 

good for the Argus II, and wayfinding was good for the Argus II, not reported for the Alpha 

AMS. 

So you can see that there are some simple visual tasks that can be performed with 

these systems.  And the performance is similar, regardless of the subretinal or epiretinal 

system. 

Here are some results from the Prima implant, form Pixium.  And you've already 

heard some of this yesterday, probably, but these were results, early results that were 

provided to me by Dr. Daniel Palanker.  There was a narrow bar that could be distinguished 

by most subjects, with high correct orientation. And then the resolution was on the order 

of 1 to 1-1/2 pixels for three of their early subjects. And only about 10 to 30% below the 
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theoretical limit. 

Now one thing to bear in mind is that these are macular degeneration patients, and 

so their retina may not be quite as severely reorganized as the retinitis pigmentosa 

patients.  And I think that may actually explain why some of the results with the Prima are 

better than what we see from other devices. 

So, the field, in the meantime, has been talking about outcome measures, a lot.  And 

there's a large group of researchers who banded together and published a report in 

Translational Vision Science & Technology, the HOVER report, "Harmonization of Outcomes 

and Vision Endpoints in Vision Restoration Trials," recommendations from the international 

HOVER task force.  And the leaders of the task force are here, but there was, as I said, a 

total of about 80 authors who worked on this paper. 

And what they looked at were a number of areas of outcomes, and I'll talk about 

some of those in more detail.  The basic properties of phosphenes, how to document it, 

what electrophysiological recordings would be possible, psychosocial and ethical aspects, 

things very similar to what you've heard in this meeting. And consider the hurdles when 

you're comparing devices, because devices operate in different fashions. The properties of 

the device and the way images are preprocessed may make a difference. 

But the three things that I want to talk about in more detail are form vision, or visual 

acuity, the patient-reported outcomes, and activities of daily living, orientation and 

mobility, so performance measures. 

So, before we start talking about visual acuity, it is useful to talk for a moment about 

ultra low vision, because prosthetic vision hasn't given us a whole lot of subjects to test. 
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There are not that many people around who have been participating in research intensively. 

But there are a lot of people who have native ultra low vision, vision that is similar in quality 

to prosthetic vision. 

So, let's talk about ultra low vision for a moment.  What is it?  Well, anyone who can 

see a letter on the chart does not have ultra low vision.  If you can bring a chart to half a 

meter, you can -- an ETDRS chart will go up to 20/1600, or down to 20/1600, I should say. 

But anything below that is what we call ultra low vision, vision that is off the chart.  And it 

can come about in different ways. It could be the late stages of progressive vision loss, as 

this blue line indicates.  It could be congenital, and therefore stable, as this purple line 

indicates. Or it could be vision that was partially restored with either an electronic retinal 

prosthesis or some other means of vision restoration after the subject, the patient was 

functionally blind. 

There have been several tests that were developed for people with ultra low vision. 

The Freiburg Acuity and Contrast Test was actually developed for the Alpha AMS, but has 

been extensively used in people with severe low vision.  The Berkeley Rudimentary Vision 

Test is a test with cards, and it is used extensively in low vision clinics for people with very 

severe low vision.  The basic assessment of light and motion is very useful for people who 

have bare light perception, or light perception with projection, to establish whether they 

can see at all where light is coming from, or whether there is light. 

These tests, however, are  pretty imprecise, because you can't, as you would do on a 

letter chart, get easy verification.  There are only a few stimulate that you can present, and 

therefore the estimates are going to be quite crude. And more importantly, they don't 
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really address how people are using their very limited vision in their daily lives.  When you 

apply the NEI VFQ, or the impairment, the IVI, the Impact of Visual Impairment instruments, 

they address visual function but they also address quality of life. So they are mixed 

instruments, and they're not really useful if you just want to see how well a person does, 

ability, or the difficulty of a different task. 

So we need instruments that are specifically designed to measure ability from 

rudimentary to moderate visual impairment.  There is a problem with some of the tests that 

currently exist. For instance, when we started using the Berkeley Rudimentary Vision Test 

with ultra low vision, and Argus II users, we found something unexpected. You would 

expect that the least amount of vision, bare light perception, would still allow you to 

distinguish a white from a black card, and that a little bit more vision might then allow you 

to tell which half of the card is black or white. That is higher resolution than the full card. 

However, when we started testing ULV patients, and Argus II users with these cards, 

it turned out that very often they could do this test, but they could not do this one. Seeing 

a full field, it was really hard for them to tell whether it was light or dark.  So, contrast is 

more important than brightness, and ultra low vision weighs these aspects, brightness and 

contrast, differently than regular vision, or low vision. 

And so it is important to bear in mind that when we're talking about normal and low 

vision, the things we're most interested in, for performance, or the functional domains, 

visual information gathering, visual motor, so eye-hand coordination, wayfinding, or 

orientation and mobility, and all the fine detail tasks that you could lump together under 

reading and high resolution. 
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But when we're talking about ultra low vision or prosthetic vision, then there's 

another set of aspects that becomes much more important than what particular tasks 

you're asking a person to do.  The most important one is contrast, then lighting, either man 

made or natural, and then there are other aspects like familiarity, movement, distance, size, 

and a few miscellaneous ones that play a role. 

So, in 2013, my lab started out developing a program for prosthetic low vision 

rehabilitation. And in particular, we wanted to develop assessments that would allow us to 

get a more precise measure of prosthetic vision but also of ultra low vision.  The first thing 

we did was we asked people with ultra low vision, including some Argus patients, how they 

used their vision. In focus groups, we did a full inventory of all their activities throughout a 

day, and we created a list of these activities. 

We've come up with about 750 different activities where even a little bit of vision 

still makes a difference from being totally blind.  And out of that, we then developed the 

Ultra Low Vision Visual Functioning Questionnaire, with 150 items, and validated that, and 

calibrated it in a large group of patients.  And then as a third stage, in a more recent RO1 in 

my lab, we developed performance measures, first in the real world, the ULV-ADL, and then 

in virtual reality, Wilmer VR. Initially, created this real world activities of daily living, 

validated and calibrated, and since 2013, in virtual reality, again validated and calibrated. 

So I want to talk a little bit about these different performance measures in functional 

domains, and in virtual reality. The first group, visual information gathering, stationary 

observers, seated with a head-mounted display, is asked to make judgments about visual 

scenes. A second one, visual motor, they're asked to interact with the scenes. And in the 
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third one, they're asked to walk around, wayfinding. So, Wilmer VRI, VRH and VRW. 

So let's look at each of these.  Visual information gathering consists of multiple 

choice activities.  There's a wide difficulty range, from as simple as is the room light on or 

off, to locating a white pillow on the counter. Is it on the left, is it on the right, or is there 

no pillow? Each comes at three different difficulty levels. We can change the light level, 

the contrast, the speed or duration, so different parameters of the stimulus. 

And here's an example. Is this man wearing a tie, yes or no? Two alternative first 

choice.  And in this case, it's pretty easy to see, and even with ultra low vision, most people 

could make out that this man was wearing a tie, because it's a black tie. But we made it 

harder by making the tie blue or gold. 

Here is a subject with ultra low vision, who's going to be looking for a soccer ball, 

and he has to follow the ball.  And you can see that he's following the ball, because it stops 

moving on the screen.  When the contrast gets lower, he can still follow the ball. But when 

the contrast is very low, now he cannot see the ball, and so he's not following it. 

Here, we're going to do visual motor tasks.  Now he has to actually interact. On the 

front of his headset, there is a hand tracker, and so he can see his own hand in the image, 

and he has to pick up the different objects. First he picked up the wallet, now he picks up 

the phone. And finally, he's going to pick up the scissors, but that's a little harder because 

they're a little harder to grasp.  So he has to learn how to grasp with the virtual hand. But 

he picks it up. 

The types of hand-eye coordination testing that we do is locating and touching, so a 

light switch, a door handle and so on, a whack-a-mole test, picking up fruit and a milk 
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carton from the fridge, a hairbrush on the counter, sorting blocks or pills, stacking blocks of 

same and different sizes, to targets, like giving a person a high five, or cut a slab of meat, 

throwing a ball, putting on gloves, to put a table setting, composing, to make pancakes or 

cookies, virtually. 

And so there are 20 different scenes, each with one to three levels, a total of 55 

activities.  For the visual information gathering, by the way, there are 57 activities, so these 

are similar numbers. 

Finally, we have the wayfinding sets. Here's a street crossing. You can see the 

subject, who's going to be standing on the sidewalk.  And the reason we're showing where 

he's looking is just so you can reconstruct what is happening. So these cars are coming, 

they're stopping.  There should be time for him to step out, off the sidewalk, but he's 

hesitant. This is a person with ultra low vision, so he's not so sure. We've sped up the 

video here so you can see how many cars come by before he finally steps out, and walks 

across. And as you can see, the cars will not start driving until he is across. 

Then there is a cafeteria scene, where the tables are now pretty well ordered.  We 

can put in avatars, people walking around. We can jumble the tables around, so the subject 

has to find his or her way between the tables, get to the register. In the street crossing, we 

also had avatars and various levels of difficulty. 

Now you will observe that this person walks right through a table. Of course it's a 

virtual table. But now he gets stuck. He doesn't know where to go. He can see that he's 

standing in front of a table, so he's turning around,  until he finally finds his way back to the 

exit. 
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And the third set, situation is a metro station.  Our subject is standing on the 

platform.  The train comes in, and the subject has to wait for people to disembark from the 

train, get on the train himself. And in a more difficult version, he has to actually find a open 

seat.  Here he just had to get on and off again. 

So these are examples of standardized activities that can be done by people with 

ultra low vision.  And in some cases we've had Argus patients perform these too, but it's a 

little hard to feed the image into the Argus system. 

So finally, I want to talk briefly about ways we can go forward, and additions we can 

make to current systems that will allow us to make vision a little easier.  And most of these 

are aimed at simplifying the image.  And one way we simplify the image is by using a 

thermal camera.  Here we had a mobility test where the person is standing in the center, 

the Argus II user is standing in the center.  A target person is standing at one of eight 

locations, and the Argus II subject has to find this person. 

Here is a video that shows, with the visible camera, so this is a normal Argus camera, 

and you can see that our Argus II subject turns around a lot.  He feels the walls.  He's 

walking around. He has not found the target person, until finally he picks up the target 

person. We sped up the video quite a bit, because it takes a while. 

And here is the thermal camera, and now the person, the target person is highly 

visible, because the person is warmer than the environment. And so the Argus II subject 

immediately finds the person and walks there.  Similarly, we have used a depth filtering 

system. Let me tell you something about the results first.  With the visible camera, they 

completed the test within the time limit only in about half of the trials, went out of bounds 
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in about one third of the trials, and timed out in about 10%. 

With the thermal camera, only 1% went out of bounds, and all trials were 

completed. And you can see that here in a cumulative graph, where only half get 

completed with the visible camera, and all of them, almost all of them with the thermal 

camera, and much faster.  The time is along the horizontal axis, time to completion. 

The second example is, we can do depth filtering. Here we use the view with the 

normal camera, but now we have this patterned obstacle, and all our obstacles are 

patterned, and we have a disparity sensor pair of cameras that create  depth-sensitive 

image now. So we can show only the obstacle that is within a certain range. And now, an 

Argus II subject has much less trouble avoiding this obstacle than avoiding this obstacle, 

which has lower contrast, and is not easily discernible from the background. 

And again, we can see that without the depth filter, only 12% of the obstacles were 

detected, and 48% of the obstacles were actually hit, whereas with the distance filter, 95% 

were detected and only 10% were hit. And this is the cumulative graph, and it's even more 

dramatic than you saw with the thermal camera, much faster and much more successful. 

So I want to thank the members of the Prosthetic Low Vision Rehab group, the 

PLoVR group, and my lab.  I want to thank the National Eye Institute for supporting my 

work, and our PLoVR mascot.  Thank you. 

DR. NGUYEN:  Thank you, Dr. Dagnelie.  That was a really great and very 

comprehensive summary. 

Our next panel discussion will be moderated by Mr. Elvin Ng.  Elvin is the Assistant 

Director of the Retina and Diagnostics Team here at FDA, and his team is responsible for the 
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regulatory oversight of bioelectronic implants for the Center for Devices. 

Take it away, Elvin. 

MR. NG:  Great. Welcome to the panel discussion on effectiveness. Like Tieuvi said, 

I'm the Assistant Director for the Retinal and Diagnostics Devices Team.  And we have just 

heard Dr. Dagnelie provide a comprehensive overview of clinical effectiveness endpoints 

and evidence for bioelectronic implants. It's an honor to be able to moderate such a 

distinguished panel today. And I'll begin with introductions for our panelists. 

Dr. Jessy Dorn worked on retinal and cortical implants at Second Sight Medical 

Products for over 15 years. As Vice President of Clinical and Scientific Affairs, she led the 

effort to understand and improve the artificial vision created by the Orion and Argus II 

systems. 

Dr. Shelly Fried is an associate professor in the Department of Neurosurgery at Mass 

General Hospital, and a health scientist at the Boston VA Medical Center.  His research 

focuses on understanding how and why neurons of the CMS respond to artificial stimulation 

and in the development of more effective stimulation strategies. 

Dr. Yannick LeMer is a retinal surgeon at the Adolphe de Rothschild Foundation 

Hospital, with expertise in artificial retina studies. 

Dr. Sandra Montezuma is a full professor of ophthalmology at the University of 

Minnesota. She has extensive research experience in the field of retinal prostheses, and 

was a consultant and surgical proctor for Second Sight Medical Products, and the PI for the 

postmarket study of the Argus II retinal prosthesis. 

Dr. Mahi Muqit works as a consultant vitreoretinal surgeon and NIHR clinical 
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researcher at Moorfields Eye Hospital, and University College London.  He has worked in 

artificial retinal implant research and clinical trials for 8 years, is currently working in a 

European subretinal implant trial. 

Dr. Joseph Rizzo is a Simmons Lessell Professor of Ophthalmology at the Harvard 

Medical School, and he serves as Director of the Neural Ophthalmology Service at that 

institution.  He cofounded the Boston Retinal Implant Project in the late 1980s, with the 

goal of developing microelectronic prostheses to restore vision to blind patients.  Dr. Rizzo 

also has worked closely with Dr. Lauren Ayton to develop a consensus document on 

principles for testing and reporting of results for patients who receive experimental 

prosthetic or other emerging treatments for visual restoration. 

Dr. Philip Troyk is Executive Director of the Pritzker Institute of Biomedical Science 

and Engineering, and professor of biomedical engineer at the Illinois Institute of Technology 

in Chicago.  He's a team leader of the Intracortical Visual Prosthesis Project, which is 

currently in the clinical trial, for which the first subject has been implanted. 

Last, but not least, Dr. Daniel Yoshor is Chair of Neurosurgery at the University of 

Pennsylvania, in addition to being a practicing clinical neurosurgeon, is an NIH-funded visual 

neuroscientist, with extensive experience in recording from and stimulating the human 

visual cortex. 

Welcome panelists. With that, I would like to start with Dr. Rizzo on the first 

question.  In the current FDA IDE retinal implants guidance, to evaluate effectiveness, FDA 

recommends assessments of visual function, such a low vision letter acuity, grating acuity, 

spatial mapping of stimulated visual phosphene fields, and form vision assessment, as well 
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as assessments of functional vision, such as orientation and mobility, activities of daily 

living, or ADLs, and patient-reported outcomes, or PROs. 

Dr. Rizzo, which types of assessments do you recommend as a primary effectiveness 

endpoint for demonstrating adequate performance for marketing? 

DR. RIZZO:  Thank you very much, Elvin. Well, it's not an easy question to answer. 

So let's begin with the perspective that whatever tests are being used are well designed, 

and ideally validated. So if we begin with that starting point, then any of the tests that 

show value are worth consideration.  But in the end, we're trying to help patients.  And so, 

having a patient-reported outcome measure that is solid, it ranks above the rest, in general. 

Ideally, however, we'd like some combination of benefit reported by patients, 

together with objective measurements of either visual function, or functional vision, 

together showing positive results, to help us believe that the device is going to have real 

value for patients.  And ideally, what you'd like to know is that patients, if given the 

opportunity to use the device freely, choose to use the device, and that they choose to use 

it for tasks that can be tested with the device. 

So in the end, we have to be motivated by the degree to which we can help patients, 

and demonstrating that, as objectively as possible.  The patient-reported outcomes have 

given us a lot of nuance in terms of how we think about designing and providing benefit to 

patients. 

One other important consideration is that different devices are likely to give 

different benefits to patients.  So we shouldn't be -- our concept shouldn't be driven toward 

a particular type of visual outcome, a particular test. It will vary from one device to the 
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next, and in fact, will also vary across patients. 

So it's a complicated question, and ideally we'd like a mix of patient-reported 

outcomes and demonstrable benefit with either functional vision or visual function tests. 

MR. NG: I appreciate that. 

Dr. Muqit, Dr. Rizzo just spoke about how these endpoints may vary, you know, 

based on the implant and the population.  You know, in your experience with, working with 

retinal implants, are there specific methodologies or instruments that you see as most 

appropriate? 

DR. MUQIT:  Yeah, thank you. I think currently, you have to think about the different 

conditions that are being seen in patients. In the last few years, macular -- age-related 

macular degeneration is now one of those conditions.  So, I think you have to tailor the 

testing modalities to each condition.  So, for example, patients with age-related macular 

degeneration are able to have a lot more ETRS charts, used to assess visual outcomes, 

whereas people with inherited retinal conditions, they have more, towards the grating 

charts. 

So, I think it really depends on the level of vision.  Patients have very, very poor 

vision, for example, a lot more worse than 1.6, with either condition, age-related macular 

degeneration or inherited retinal dystrophies.  You may then have to look at things like 

grating or even (indiscernible) brain testing. 

And then, I think earlier there was mention about the work done by the Holder 

Group (ph.).  And then, for patients with very, very poor vision with both severe AMD and 

inherited retinal condition, you know, for them we have things like the Berkeley test, and 
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then ultra low vision tests. So I think nowadays you have to look at the different conditions, 

and the different modalities, because they can pick up outcomes more tailored towards the 

patient's condition, and their level of vision, that they've been implanted for. 

MR. NG: Okay, thank you. 

I'll turn it to you, Dr. Troyk. From your work on cortical implants, do you have any 

recommendations on assessments of effectiveness, and do you feel, from your experience, 

that they differ based on the anatomical location, or are they similar to what was discussed 

previously? 

DR. TROYK: Well, I think that, as it was always anticipated, a retinal device has an 

advantage that you can rely upon the spatial map that is presented by the retina itself. So if 

you stimulate at a certain location of the retina, you can, with reasonable certainty, 

anticipate where in the vision field that perception will occur. Not true with the cortex, 

because the mapping is much more complicated.  It's intertwined with extra striated areas, 

and so you have to do this complex mapping process. 

So I say all this as a predecessor to the answer, because that intrinsically then 

provides, or produces more difficulty in getting to a point in which functionality can actually 

be assessed. That being said, there was always the hope that a cortical system could tap 

into higher processing and therefore you could use the feature extraction that the vision 

system normally does.  So with less electrodes, you could possibly do more. 

So, this is a very long answer, that I think comes to the point where we are at, in 

embryonic stage, in really understanding how to do vision processing to provide 

functionality with corticals, despite the fact that cortical implants date back to 1968, with 
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Giles Brindley, and yet the integration of percepts remains a big challenge. So I think it's a 

little early to say these are the types of functional tests one would have, simply because of 

the nature of where we are in our understanding of how to tap into the cortical vision field, 

as opposed to the retinal vision field. 

MR. NG: Great. I appreciate that.  Thank you, Dr. Troyk. 

Dr. Yoshor, do you have anything to elaborate on a little more from your experience 

with cortical implants?  I think you may be muted still, on your end.  No, I don't think -- we 

aren't hearing you. 

DR. YOSHOR: Still not hearing me? 

MR. NG: Oh there you go.  There you go. That works. Perfect. 

DR. YOSHOR: Okay, great.  I was just going to say that I agree with the thoughtful 

comments made by the other panelists, and the only thing I would add was that ultimately 

the consumer, in this case the patients, will be the arbiters of what really matters in terms 

of functionality. And in my experience, particularly working in the Orion early feasibility 

clinical trial, and as well as being a clinician in general, patients really want two particular 

functionalities. They want to have form recognition, and they want to have the ability of 

enhanced navigation. 

And Dr. Troyk is certainly right that, you know, our understanding of the 

neuroscience of how to engage the higher levels of visual processing across the cortical 

hierarchy is still rather limited. But unless we are able to produce those functionalities, you 

know, the consumers will not be willing to undergo an invasive procedure to implant a 

bioengineered device. 
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So I think all our assessments have to have rigorous, quantitative measures for 

proxies to those two functionalities, form recognition, whether it's detecting graphenes, or 

shapes, and the ability to navigate in an enhanced fashion. 

MR. NG: Great.  Thank you, Dr. Yoshor. 

I'm going to turn to you, Dr. Dorn.  I think, from your experience, you know, working 

with both retinal and cortical implants, I'd be curious about your thoughts on effectiveness 

endpoints. 

DR. DORN:  Yeah, thank you. I think I'm going to echo what a few other people have 

said.  I don't think that the location of the implant, that, you know, retinal versus cortical 

matters, as much as the level of residual vision that the patients have, and the level of 

vision that can be restored or created by the artificial vision implant. So, in terms of 

primary effectiveness endpoints, I would lean toward functional vision in real world sort of 

environments. 

It's harder to measure, but that gets to the heart of, you know, what's meaningful 

for the patients, as Dr. Yoshor was saying, and what can they really do beyond the vision 

that they already have. How does it enhance their ability to orient, to navigate, to do 

activities in the real world? 

MR. NG: Great, appreciate it. 

So, we're going to drill in a little further and talk about the visual function and 

functional vision type of assessments. When it comes to these tests, you know, what are 

the clinically meaningful differences? 

And Dr. Montezuma, I'm going to turn to you. From your experience, you know, 
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what are the clinically meaningful differences from baseline that can be captured in some of 

these existing outcome measures that we have discussed? 

DR. MONTEZUMA: Thank you, Elvin, for your question.  So in my experience with 

retina prosthesis and more specifically with the Argus II retina implant, there was significant 

difference from baseline, even from the moment when the device was turned on for the 

first time.  So around post-op, week 1, the device was (indiscernible), and was programmed 

custom, and then turned on for the first time. 

And this was a very special and emotional moment for the patients, to start seeing 

phosphenes, and to start localizing objects and people for the first time. Here at the 

university, we did ten successful surgical implantations of the Argus II, and all subjects with 

similar characteristics, advanced retinitis pigmentosa, a central visual acuity of bare light 

perception and no peripheral vision. 

And we followed the post-approval study that monitored the safety and the visual 

function of the device.  And with regards to the visual function, we did the FLORA test, that 

is the Functional Low-Vision Observer Rated Assessment, and we tracked those subjects 

about how did they perform in vision activities of daily living, and the utilization 

questionnaire that monitors how the subjects were using the Argus II. 

And we also measured the visual acuity with -- or the low visual acuity with the 

computer, that has a black background, and is presented a different shapes. One is 

squared, that means light perception, bar, a white bar that is moving right or left, that could 

mean high motion, and a more grated visual acuity where the bar changes in different 

widths. 
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So, all this measurements that were given by the company, it was tested with the 

device on, versus the device off, and also tested with the fellow eye.  And I would say that 

with, in our experience here, most patients have positive results, and there's significant 

difference of the baseline with the device off, versus the device on, and compared with the 

other eye, with those current outcome measurements. 

MR. NG: Great, thank you. 

And I'm going to turn back to you, Dr. Yoshor.  You know, for these assessments that 

we've talked about, you know, in your experience, you know, are there clinically meaningful 

differences that you can see in these results that come from these tests? 

DR. YOSHOR: I'm relatively agnostic to the type of test, as long as there's rigor and 

quantitative measures.  We used FLORA, for example, in our trial. I think these are all 

thoughtful measures, as long as we keep the endpoints in mind, and that we have 

quantitative grounding. 

I think we should avoid excessively taking pleasure in, you know -- yet, I'm a human 

being, like everyone else, and I enjoy when a subject says, that's the first time I've seen the 

sun, in 25 years. Yes, that's meaningful, and it's meaningful to the patient at a certain level. 

But I don't think those kind of subjective experiences are enough to sustain, you know, loyal 

use of the device, and for other patients to submit themselves to the invasive nature of 

these devices.  So, that's my short answer. 

MR. NG: Thank you. 

Dr. Rizzo, I'm going to also follow up with you.  You know, from the work that you've 

done on the HOVER document, for a lot of these testing assessments, you know, from your 
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research, have you seen clinically meaningful differences in, you know, the variation and 

the delta between these tests, being able to support, you know, effectiveness? 

DR. RIZZO: Well, with respect to the HOVER document, I think there are -- the three 

comments I would like to make are that the willingness of such a large number of people to 

work together over a period of years made clear the general sense of need for a more 

harmonized, if you will, approach. It has some grounding across the field, that gives us a 

way of thinking about testing, and also comparing tests. 

So that's the first thing, is that I think there was a groundswell of interest in doing it. 

Secondly, with respect to the reporting of any one test, part of the validity requirement was 

to include certain standard measures, right, controlled experiments and such, in the 

reporting of results, so not just getting the outcome, but understanding the outcome with 

respect to the overall testing strategy.  And, you know, that has been done variably, at 

different times, and I think there was a consensus of an interest in trying to get more 

uniformity across groups. 

And the third thing, and this, I think, speaks to your question a bit, is that it becomes 

very, very difficult to compare results across groups, because the devices are all different. 

They may be at different locations, as well as different designs at a single location. And the 

testing methods also naturally vary, to some extent. 

So part of the goal here is to develop outcomes that we can all look at, 

comparatively.  So, in that context, I think that, you know, clearly there's no winner yet. 

You know, one can look at different devices, and understand the value that has been 

reported, in one device compared to another.  But there's still no unambiguous outcome 
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approach, device or outcome approach, that looks better than any other. 

MR. NG: And thank you. 

Dr. Fried, I'm going to turn to you on this next question on long-term assessment. 

Do you believe that after a device reaches the market, a continued clinical assessment of 

effectiveness should be conducted, and what would you recommend be assessed? 

DR. FRIED:  Yeah, thanks.  Absolutely, long-term testing is key. I think we can learn 

that lesson, or learn that graceful lesson from the cochlear implant, where their continued 

testing gave a lot of new insights, and they could observe how the patients were better able 

to interpret the artificial neural signal and make more sense of it. 

I want to just jump back briefly to some previous conversations, just to give brief 2 

cents, my brief 2 cents. I think these tests are really great in the establishment of 

standards. It has been remarkable to watch over the years, even though I haven't been 

principally involved in that. But just to -- since those previous comments, that not a -- a 

large number of patients haven't embraced. 

Even though the tests are showing that a lot of the implants are giving meaningful 

changes, or definitive changes to what the patients can see with and without the device, 

the patients, as a large group, haven't wholeheartedly embraced these devices. So, the 

challenge for us, I think, is to really work with what those patients are looking for and to 

make sure that these tests better reflect that.  And I think this gives us a baseline to move 

forward, but we're still not quite there in meeting what the patients are looking for. 

MR. NG: Great.  And I think that's a very important point. 

Dr. LeMer, I want to turn to you for the same question. Should these outcome 
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measures, these long-term assessments, should they also include evaluating long-term 

degradation of the effectiveness of these devices that, you know, are implanted in patients 

for quite -- the lifetime of the patient or lifetime of these devices? 

DR. LEMER:  Yeah.  And that's what I've done, for instance, at one site. Now they are 

long-term implantation and we see implants still working, it's absolutely mandatory to have 

that, for two reasons. First one is if you are a patient with no ultra low vision but only low 

vision, you can see about (indiscernible) of the disease itself. So if it works a little bit less 

than before, you have to know if it's because of the prosthesis or the stimulator, or because 

of the, as a (indiscernible) the disease itself. 

So, and the (indiscernible) is for the patient, you know. If you have a good result for 

1 year, and the implant begins to be less efficient, that is absolutely, absolutely, it's the 

worst thing that can happen to a patient.  So we have to be sure of the long-term result, 

and be sure that we really help the patients. 

MR. NG: Great, thank you. 

And then for the final subpart of question 1, I'm going to turn to you, Dr. 

Montezuma. I think a lot of previous talks, we've heard about how these devices keep on 

iterating, there's more novel approaches, and also, you know, more unique, different 

patient populations that they might address. So the question is, are there additional 

considerations, testing considerations regarding the ways in which certain tests should be 

conducted and evaluated, for example, testing under different light levels, patients that 

have remaining residual vision, or changes to the disease? 

DR. MONTEZUMA: Yes, thank you again for the question, Elvin. You know, I think it 
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is important, as you said, to be able to assess this device in different light levels. For 

example, you know, Spark developed the Multi-Luminance Mobility Test, that was used as 

an endpoint in the Phase III clinical trial for Luxterna that is a gene therapy. So, I think 

where there is a gene therapy, or new visual prosthetic device, we could potentially use 

similar, or same endpoints. 

And this type of test, that measures the functional vision rather than the visual 

function can be viable in assessing the visual loss, or visual changes of these patients when 

they receive a new implant. Now, when we are looking at, are there historical outcomes, 

for instance in drug development, where one of the efficacy endpoints is with regards to 

the visual acuity changes, well, you know, most of these trials are looking into 

(indiscernible) as a, for instance, 0.2, or 2 lines of a visual improvement, you know, I think 

this is an important objective measurement, where in my experience with Argus II patients, 

none of my patients were able to read, and not even identify letters. 

But we -- rather than start focusing more on a visual rehabilitation in terms of the 

quality of life, and so I think this type of evaluations are becoming important when we 

assess this type of device. So tests like FLORA and new type of quality of life questionnaires 

that are based on patients, how they're using the device, I think are going to become also 

more valuable. 

And lastly, you know, as new (indiscernible) components, or upgrades of the 

electronic device, or electronical visual prostheses are developed, new endpoints 

measurements needs to be developed, in order to assess the functionality and effectiveness 

of the device.  For instance, in my experience, a few years ago I work with engineers from 
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Second Sight, in an early prototype of a new thermal infrared camera, in which only the 

external components, the glasses were changed. So, the external glasses were changed to 

an infrared camera that could detect heat-emitting objects. And so we have to figure out 

new ways to measure that. 

So one of the things that we did, for instance, to evaluate this concept was to 

compare the light camera with the infrared camera, in different scenarios, like putting heat-

emitting objects on a table, and just household objects, like a heating pad, a cup of coffee, a 

curling iron or a toaster, and be able to compare with the two cameras.  And we also 

evaluated those ability of these patients to navigate, and detect people in dark or light 

environments. 

And for that, we used the Vicon motion tracking system, that is a motion capture 

technology that provides data movement and can analyze the data movement in an easier 

manner. So, we asked to localize people in this room, in dark conditions and light condition. 

And we realized, in this way, that we can provide very effective data. And we noticed that 

the infrared camera was superior than the light camera. And one of those results, we had a 

opportunity to present this, and publish this at the, in the British Journal of Ophthalmology 

and the TVST Journal. 

MR. NG: Great, thank you. 

I'm going to turn to you, Dr. Troyk. I think you had mentioned how for, you know, 

cortical implants it's, you know, quite a nascent or embryonic technology.  So are there, 

were there additional considerations, testing considerations that, you know, you and your 

group had to consider when it came to these cortical implants? 

Free State Reporting, Inc. 
1378 Cape St. Claire Road 

Annapolis, MD 21409 
(410) 974-0947 



 
 

 
  

  
 

 
      

       

    

     

      

     

   

        

     

        

  

  

     

 

      

     

   

    

      

    

      

    

128 

DR. TROYK: Well we're in the midst now of looking at how to use rather complicated 

perceptions in order to produce some artificial vision.  But I think generally, I agree with 

Daniel's sentiment that while you can always find potential users, or even users who will 

express great enthusiasm for qualitative measures, that they can see a sun, they can have 

different kinds of emotional experiences that ultimately, going forward, for the field to 

succeed, there will have to be, for all devices, and corticals are now facing this, an adequate 

effectiveness versus cost tradeoff.  Otherwise, the field won't sustain. 

So we've already seen the attrition in the availability of retinal devices, not entirely, 

but probably substantially having to do with really what the effective market size is, which 

is driven by what can actually be delivered for the risk that's there. For cortical devices, of 

course, depending on whether you're a neurosurgeon or an eye surgeon, you'll say that the 

surgery is more or less invasive.  But from the user standpoint, from the volunteer 

standpoint, there is  perceptual and practical difference in having a craniotomy than having 

a device put in your eye. 

So, just like other fields, and I can think of, for example, functional electrical 

stimulation for walking, or standing, that went through a heyday in which there was great 

enthusiasm and great promise.  When it really failed to, at this point, produce functionality 

that had a sufficiently high threshold of utility, then the acceptance, the lack of acceptance 

drove the retardation in the field, of progress, because you simply couldn't deliver. 

So hopefully, visual prostheses won't follow that pathway, but there are indications 

that with our current technology, and our understanding of how to interface to the vision 

system at various locations, that at this point we may not be able to have market 
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sustainable systems and devices. And so, it is worrisome, but I think it will become self 

evident as we move forward. 

MR. NG: Okay, thank you. I'm going to move to question number 2 now, on 

additional outcome measures. 

And I want to turn to you, Dr. Muqit.  Are there any additional effectiveness 

outcome measures that should be collected beyond what we discussed previously? 

DR. MUQIT: Well I think what I've been hearing so far, on -- has been excellent, 

regarding how well the functional outcome measures, but I keep always going back to the 

HOVER reports, and things like FLORA. I mean, at the end of the day, before any patient 

comes in and has an implant, their expectations have been set by that particular device. So 

patient selection is extremely important. 

So you have a group of patients who are implanted, and that will be reflected in how 

you measure your success.  And one of the key things, when you measure success, long-

term, is like quality of life.  And you have things that impact vision impairment 

questionnaires at different levels, which capture both how the patients are using the 

device, but also there's a lot of psychosocial issues, so you have to think about mental 

wellbeing. And these questionnaires do extract that as well. 

So I think that's extremely important. It isn't something which is just done before 

and after.  It's something which should be continued, because as you'll find in a lot of 

implant patients, it's an ongoing process, as you -- in a clinical trial, they evolve and get 

much better as the trial progresses.  So in the real world, I think certainly, coming up with a 

consensus on quality of life questionnaires that can be, that patients can be tracked with, 
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both at home and also outdoors is extremely important. 

MR. NG: Great.  Appreciate it. 

And to you, Dr. Fried, you know, in your experience, you know, what are additional 

effectiveness outcome measures or, you know, maybe bins and buckets of effectiveness 

assessments that, you know, we may not have discussed yet, or are valuable and need 

development on? 

DR. FRIED: I think the ones that we have now are good, and are definitely on the 

right track. I think, as a couple of us have mentioned, the patients are really interested in 

independent mobility, can they get around the real world and can they see things better. 

Can they recognize faces or improve their emotional acuity or just get a better sense of 

vision without necessarily reading? 

So the tests we have, that track acuity and -- well, motion for example, they --

sometimes the users of the device will do quite well in a laboratory situation, but then they 

go out on the street and it's absolutely terrifying to try to get across, and so that schematic 

from Gislin's talk earlier, that video from Gislin's talk. 

And so I think that these tests will continue to evolve as we switch, or switch 

between the laboratory testing and the real-world testing. We may need to evolve them. 

We may need to slightly modify the criteria.  But the general categories, I think, are well set 

right now. 

MR. NG: And to finish off this question, Dr. Rizzo, do you have any other thoughts 

on additional outcome measures? 

DR. RIZZO: Well, just to continue to advance comments that were made by Phil and 
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Daniel and others, the field, you know, despite decades of work, is a challenging field.  It's 

had to develop really sophisticated technologies and much better understanding of how to 

test patients, recalibrating our goals, right, it's still an evolution. Ideally, we'd like to get to 

the point where we're not thinking about test results in terms of statistical significance, but 

obviousness. 

I mean, can people obviously do better with a device or not? I mean, that's sort of 

where we want to go, ultimately, because in the end, you do have to provide benefits that 

are substantially -- perceived as being substantially better than the risks, and the costs.  So, 

we're not quite where we need to be. You know, I always reflect upon the cochlear 

prosthetic field, you know, which is clearly in the obviousness category. 

But we're still growing, and I think the progress is still there across the field, at 

different locations, retina-cortical. And what's nice, though, I think is that there's a pretty 

good consensus across the field of where we need to go, and we're all trying to get there. 

MR. NG: Okay, thank you. 

Dr. Dorn, I'm going to turn to you now, for question 3 on patient rehabilitation and 

training. You know, from your experience with Second Sight products, do you believe 

patient rehabilitation and training is needed to ensure effective outcomes? And second, 

how do we assess the impact of this training? 

DR. DORN: Yeah, thank you so much for this question. It's really important.  I do 

believe strongly that training and rehabilitation is super important. We spent a lot of time 

developing a rehab program.  And I think the training needs to be, you know, specifically 

aimed at the unique needs of the implant users, and the type of artificial been. As has been 
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pointed out, it's very different from natural vision.  These patients have lost vision, and now 

are gaining some artificial vision, so it's different than just, you know, regular orientation 

and mobility training. 

So, I think it needs to be tailored to that. It also needs to be tailored specifically to 

each user.  So every user comes to the table with different abilities, different needs, even 

different goals, very different goals sometimes. So, the rehab program really needs to be 

flexible enough to be tailored to each patient and what they find meaningful and what they 

want to do. 

The second part of your question is really challenging.  I tend to think of efficacy as 

measuring the impact of both the technology and the rehab program.  I think trying to 

separate it out, while I understand why you would want to, would be very challenging, 

again, given that each user comes with different abilities, and has different needs and goals. 

So I think it's acceptable to take it as a package, and look at the impact of both the training 

and the technology on the patients' everyday life. 

I think that obviousness standard that Dr. Rizzo was just talking about is a great one. 

And if you think of it in that level, maybe it doesn't matter as much what part is the training 

and what part is the technology. If the efficacy is obvious enough, then maybe it doesn't 

matter too much. 

MR. NG: Okay, thank you, Dr. Dorn. 

Dr. LeMer, we're going to finish this question with you.  You know, from your 

experience on the retinal implant studies, I want us to hear your thoughts on, you know, 

patient rehabilitation and training, and the impact of that on effectiveness. 
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DR. LEMER:  Thank you, Elvin. First, I wanted to thoroughly agree with what said Dr. 

Dorn. It's impossible to (indiscernible) what is recent, what is a technology, and what is 

rehabilitation. You can't have any result of technology without rehabilitation, because it's 

for the patient.  Maybe if he has ultra low vision, it's like he sees some flashes, and like that, 

and doesn't know what to do with that. It's trying to learn a new language. So, it's -- but 

without the stimulation, obviously, so rehabilitation also is useless. 

So, both things could be evaluated in (indiscernible).  Another thing is that we have, 

now we are working on patient who are not totally blind, because they have lost only the 

central vision for the subroutine for our (indiscernible). We have noticed that the patients 

who has already gone through rehabilitation for the low vision do better afterwards.  They 

are able to increase their vision much faster. 

And the advantage, who have the glasses, or who has the final result with the same 

(indiscernible), is that you can't exactly compare the result without the glasses, without the 

projector, and with the glasses. And you see that even with the natural vision, they are 

improved after rehabilitation.  Without any stimulation, they improve also, their natural 

vision. 

MR. NG: Great, thank you.  So this concludes our panel discussion.  I want to again 

give a big thanks for both our speaker and all the panelists for participating and sharing 

your thoughts and recommendations. I'm going to turn it over back to our MC, Dr. Tieuvi 

Nguyen.  Thank you. 

DR. NGUYEN: Great. Thank you so much, Elvin, and to all the panelists for that 

really insightful discussion.  You know, I think that we can all agree that selection of the 
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adequate, you know, effectiveness endpoints is really challenging, specifically for these 

really novel type devices. So, I really thank you all for your insightful discussions today. 

So now I think we're ready to move on to our next session, which will focus on 

important considerations for use and monitoring of implanted devices after they have been 

approved, from both an FDA perspective, as well as from others involved in the continuity 

of care of the patient, and through technological advances. 

Our talk for this session will be from FDA, presented by Dr. Nilsa Loyo-Berrios.  Dr. 

Loyo-Berrios is an epidemiologist, and currently serves as Acting Associate Director in the 

Office of Health Technology 1, in the Center for Devices at FDA. 

Nilsa. 

DR. LOYO-BERRIOS: Good afternoon. My name is Nilsa Loyo-Berrios.  I am an 

epidemiologist, currently Acting Associate Director for the Office of Health Technologies 1 

in CDRH.  The topic of my talk is the postmarket evaluation and surveillance of medical 

devices. 

You will hear about several postmarket tools the FDA relies upon to monitor devices 

once they get on the market. And this includes the medical device reporting system, the 

emerging safety signal management program, and the postmarket mandated studies.  Then 

I will provide an overview of using real-world for evaluation of devices throughout their 

total product life cycle. 

And although the focus of the presentation is the postmarket considerations, in this 

part of the presentation you will hear some references as to how RWE can also be used to 

support premarket decisions. 
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Let's discuss medical device reporting. Medical device reports are an important 

source of information for the FDA, regarding suspected device-related events, serious 

injuries and malfunctions. Manufacturers, user facilities and importers are required to 

report events to the FDA within certain time requirements through the standardized 

reporting mechanism. 

The FDA also receives voluntary reports by healthcare professionals, patients and 

consumer through the MedWatch system. Because the MDR reporting system is a passive 

surveillance system, it is limited by under reporting, data quality issues, and lack of 

denominator data.  So therefore, the causality between an adverse event report and the 

device use, or the incidence rates, or prevalence rates of an event cannot be determined by 

MDRs data alone. 

Due to these limitations, the MDRs are only one of the surveillance tools the FDA 

relies upon for postmarket monitoring.  MDRs are best for qualitative assessments of 

adverse events for a device type, for either trending over time, or safety signal detection. 

And along with other data sources, MDRs can contribute to have a better understanding of 

the benefit/risk profile of a device.  This is the FDA web page, where the pubic has access to 

MDR data, and can do searches based on different parameters. 

Let's now discuss the emerging safety signal management. This is the overarching 

process of signal management in four stages. The first step is signal detection. We 

continuously monitor and review many sources of data regarding the safety of medical 

devices, and examples of such sources are listed on the slide. 

After a potential signal is detected, a multidisciplinary signal review team is 
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assembled. This team collaborates to evaluate, refine the signal, and develop an action 

plan of mitigation strategies. Signal refinement involves all available information about the 

device and the potential signal.  And in the early stages, the FDA reaches out to the 

manufacturer to communicate concerns and request additional information as needed. 

The team will also assess any additional information available, such as real-world 

evidence, published literature, MDRs, and in some cases, additional external input may be 

obtained, either through a Network of Experts, advisory panel meetings or any additional 

surveys. 

During this process, the FDA will also consider whether the signal warrants an 

emerging signal notification, which provides the public with early information about a 

potential problem, while the issue is being further evaluated.  Afterwards, the FDA provides 

the public with periodic updates, with any new information related to the signal.  The final 

step is an assessment of the actions, which informs efforts related to the signal, and 

potentially other work in the center. 

As mentioned earlier, the third step is developing an action plan.  And examples of 

potential actions that can be included in such a plan are labeling changes, inspections, 

additional studies, product recalls.  FDA may also issue a public communication, which can 

take the form of safety communications, letters to healthcare providers, updates to web 

pages, or guidance documents. 

In many cases, the manufacturer will also issue their own communication, or field 

safety notice, and CDRH may review those draft communications and decide whether 

additional FDA communication is needed. FDA may take one action, multiple actions or 
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none of these actions, as determined is appropriate for each signal.  Public communications 

as well as certain regulatory actions such as device recalls are available on FDA websites. 

This is the FDA public web page for the safety communications.  And just a reminder, this 

also can include the letters to healthcare providers. 

And now, the postmarket mandated studies.  When appropriate, a higher degree of 

uncertainty can be accepted on the premarket side, with the condition that there will be 

postmarket monitoring requirements.  CDRH houses two programs for mandated studies, 

and those are the post-approval studies required as conditional for approval, and the 

postmarket surveillance under Section 522 of the Act. 

The post-approval studies program is for Class III devices. FDA has the authority to 

consider whether postmarket data collection may allow for approval of a device, subject to 

postmarket data collection as a condition of approval.  The regulations listed on this slide 

state that post-approval studies can be imposed at the time of approval, to continue 

evaluating and reporting on the safety, effective and reliability of the device, per its 

intended use. 

Postmarket surveillance, under Section 522, applies to Class II or III devices. The FDA 

may order postmarket surveillance at the time of approval or clearance, or any time 

thereafter. The orders are issued to collect data on adverse events, rates, and other 

necessary information to protect the public health. Surveillance must commence within 15 

months of the order, and prospective surveillance is up to 36 months, although it can be 

longer, for devices expected to have significant use in pediatrics. 

Regarding the criteria used to determine if a mandated study is needed, let's start 

Free State Reporting, Inc. 
1378 Cape St. Claire Road 

Annapolis, MD 21409 
(410) 974-0947 



 
 

 
  

  
 

 
    

   

    

    

     

      

        

    

       

   

    

 

    

      

      

      

    

 

       

      

   

    

138 

with the PAS program on the left side.  Post-approval studies can be used as condition of 

approval, to address questions that are not needed to determine or demonstrate premarket 

reasonable assurance of safety and effectiveness.  And so samples are assessing 

descriptively the long-term performance of a device, or benefit/risk questions that again are 

not needed to demonstrate that postmarket assurance of safety and effectiveness. 

And so for postmarket surveillance under Section 522, if questions arise on the 

performance of a Class II or III device, the device must meet at least one of the statutory 

criteria, for the Agency to be able to issue an order.  And so that criteria is either the failure 

of the device would reasonably likely have a serious adverse health consequence, or it's 

expected to have significant use in pediatric populations, or it's meant to be implanted in 

the body for more than one year, or is a life-supporting device used outside of a user 

facility. 

And so in general, these postmarket mandated studies are ordered when the data to 

address the postmarket questions are not otherwise available. This is the core process for 

postmarket mandated studies. Generally, once the orders are issued, the review team 

interacts with the sponsors or manufacturers to develop the protocols or surveillance plans. 

When the protocols or surveillance plans are approved, the public web page for these 

programs get updated with a description of the studies. 

While the studies are ongoing, there are interim reports submitted to the Agency at 

agreed-upon intervals, usually every 6 months during the first 2 years of the study, and then 

yearly after that, unless otherwise specified.  When the studies are completed, a final 

report is submitted to the Agency. And when the team determines that the postmarket 
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requirement was addressed, there are several things that can happen next.  And the things 

you see on the slide are just some examples. And so, for example, there will be an update 

to the FDA program web pages, to add the final, summary of the final results. There could 

be labeling updates, and there could also be FDA communications. 

Some examples of methodologies that can be used to address postmarket 

requirements include extending follow-up of postmarket cohorts for that descriptive 

assessment of long-term performance. There could be new enrollment studies, that are 

conducted prospectively.  There could be studies embedded in registries, or retrospective 

studies using data that's already been collected.  Examples of the data sources include using 

new data collection, electronic health records or claims data, as well as using registry data 

or patient-generated data. 

The study protocols or surveillance plans should contain clearly stated objectives, as 

well as a description of the study design.  The study population, including the device and 

the competitor group should be described.  It should include sample size calculations and 

the assumptions.  Data source, or how the data will be captured needs to be described. 

Definitions for study endpoints, the length of follow-up should be specified along with the 

frequency of assessments and a statistical analysis plan. 

Importantly, there should also be a study timeline, with specific enrollment 

milestones that we then use to track the study progress.  And our goal is to complete the 

review of these protocols or plans within 60 days of the order.  And this is to ensure timely 

initiation and completion of these postmarket requirements. 

There are two FDA guidance documents for these programs. Both were recently 
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updated with recommendations for detailed study timelines, enrollment milestones, and to 

streamline the FDA review of these studies.  These are the public web pages, where you will 

find description of the studies, as well as summary of interim or final results. 

Regarding compliance with the orders, clinical studies must comply with Parts 50 and 

56 for protection of human subjects, and IRB review, respectively.  For the PAS program, 

introducing a device to interstate commerce, if the device is not in compliance with the 

condition of approval, that is a violation of the law.  And failure to comply with a condition 

of approval is grounds for withdrawal of the postmarket submission approval. 

For the postmarket surveillance, under Section 522, failure to comply with an order 

is a prohibited act.  And a device that is not in compliance with a postmarket surveillance 

order can be considered misbranded. 

Finally, let's talk about the use of RWE.  The concept of using RWE for regulatory 

purposes is not new. In 2016, the 21st Century Cures Act was signed into law. This law 

enhances our ability to modernize clinical trials, including using RWE to more efficiently 

conduct studies.  That same year, the Medical Device Innovation Consortium was awarded a 

grant to establish the Coordinating Center for the National Evaluation System for health 

Technologies. 

NEST's mission is to support the generation of high-quality RWE to more efficiently 

evaluate devices. In 2017, the FDA Reauthorization Act was signed into law, and that 

includes a commitment, MDUFA IV Commitment, to increase the use of real-world evidence 

for regulatory purposes throughout TPLC, or the total product life cycle.  That year, the FDA 

also issued a guidance document that lays out the principles for using RWE for medical 
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devices.  And in 2018, the Electronic Health Records guidance document was issued, as well 

as the FDA RWE Framework was published. 

And so, the latest MDUFA amendment, that is MDUFA V, also incudes a commitment 

for the use of real-world evidence for regulatory purposes. And so as you can see, over the 

years, we have been working towards identifying more efficient ways to evaluate devices 

throughout the TPLC. And RWE can certainly transform the overall efficiency of how we 

review, evaluate and do surveillance of medical devices. 

Let's go now over two important definitions. First, real-word data, that is data 

related to patient health status and/or the delivery of healthcare. And it's data routinely 

collected from a variety of sources.  Then, RWE is derived from the analysis of that data, 

and it is defined as the clinical evidence on the use and the potential benefits or risk 

associated with the device use.  This evidence can be generated from different study 

designs, including pragmatic trials, or observational studies that can be done either 

prospectively or retrospectively. 

Moving on to examples of RWD sources, the first example is data from registries. 

Those can be either device or disease-based, and systematically collect data on products or 

a specific patient population. The next one is patient-generated data.  And this can be 

captured through remote monitoring of devices, through patient-reported outcomes, or 

while the devices are used at home. 

In addition, within the healthcare system, we have the electronic healthcare records, 

or the electronic medical records.  There is pharma, lab data, as well as imaging data.  And 

there's the administrative data that includes claims and hospital discharge data.  And 
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finally, there could be other sources that can also inform health status, such as mobile apps. 

Some examples of ways that RWE may be used for regulatory purposes will be to 

help with designing clinical studies, through either hypothesis generation, informing the 

design of a trial, using it, for example, as (indiscernible) control, or even as a platform to 

support the conduct of a trial. It could also be used for evidence generation, such as 

addressing post-approval studies, for postmarket surveillance, looking into adverse events 

rates, or monitoring of the rate, or even expanding a device indication for use in certain 

cases. However, when using RWE for any of these various applications, it should be both 

reliable and relevant, and taking into account the proposed regulatory use. 

So to expand on these two points further, the reliability should be ensured by certain 

data accrual characteristics, such as prespecifying a study protocol, describing the 

methodology for data capture, patient selection, so we avoid biases, and of course there 

should also be privacy and patient protections measures in place.  Data quality control is 

also essential to ensure RWE reliability, and there should be processes in place during the 

data collection phase as well as the analyses that will minimize errors and ensure data 

integrity. 

And in general, the relevance of the real-world evidence for any particular regulatory 

use should be demonstrated by showing that the variables, the endpoints, the assessments, 

the study population being proposed are all applicable and appropriate to address the 

regulatory requirement for the use under consideration. Last year, we published 90 

examples on RWE use for regulatory decisions, and the link is on the slide for your 

convenience. 
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So in conclusion, the FDA relies upon a variety of tools for postmarket monitoring of 

devices.  The passive surveillance systems can certainly complement data from other data 

sources.  The FDA emerging signal notification provides important information to the public. 

Timely initiation of these postmarket mandated -- it's very important so we can ensure 

availability of up-to-date data on the performance of devices. And real-world evidence 

certainly has a potential to revolutionize the evaluation and surveillance of medical devices. 

DR. NGUYEN:  That was great.  Thank you so much, Nilsa. 

Next, let's hear from two more patients. Paul and Richard are implanted with two 

very different devices that treat their vision loss. So Paul received a retinal implant, and 

Richard has a cortical implant. Paul and Richard will also join us on the panel discussion 

that follows. Enjoy the videos. 

MR. D'ADDARIO: My name is Paul, and I've retired after a 30-year career in IT, 

mostly as a database manager. My current volunteer experiences include serving on the 

board of the Virginia Department for the Blind and Visually Impaired. I have retinitis 

pigmentosa, RP, an inherited eye condition, causing me to have very little peripheral vision 

my entire life. 

Growing up, I had sufficient central vision to allow me to complete most of my 

school work without much interference from RP. I earned a bachelor's degree from Boston 

University and a master's from George Washington University.  Eventually, RP gradually 

took away the rest of my eyesight, and by around age 50, I became completely blind. 

There's no cure or treatment for RP. 

I was diagnosed at age 27, at the Wilmer Eye Clinic at Johns Hopkins Hospital in 
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Baltimore. In one respect, it was a relief to have such a diagnosis because it explained the 

many very embarrassing and sometimes very dangerous incidents I had experienced 

bumping into people or objects, to my left, to my right, above or below, because RP left me 

with extreme tunnel vision. 

Upon being diagnosed, I knew in order to continue to work, I needed to learn how to 

learn differently, because eventually I knew I would no longer be able to read print 

material. I also needed to learn skills such as how to get around using a white cane.  I made 

annual visits to Johns Hopkins for about 25 years, so they could monitor the progress as RP 

took away the remainder of my eyesight. 

In 2007, I began participating in a clinical trial of the Argus II implant system. 

Surgeons implanted a chip in my right eye.  I made weekly visits to Hopkins to learn how to 

use the system, and to participate in experiments. Today, I no longer use the system. 

Ultimately, it did not improve my situation, however I believe that the information gleaned 

from myself and the other 29 participants in the clinical trial have given valuable 

information to researchers. 

Along my journey, I certainly had my frustrations, and even some injuries, and some 

inconveniences.  But overall, I feel I've been blessed and fortunate.  About 40 years ago, I 

met a wonderful woman, and in just a couple of weeks, she and I will have been married 37 

years, and we are both proud of our two sons and their families. I know I've not always 

been successful, but I've tried to remember that we have no control over some situations 

that we may face, that may cause us setbacks, but that we do have control over how we 

react to such situations. 
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MR. McDONALD:  Hello. My name is Richard.  I'm 56 years old, and I live in Los 

Angeles, California together with my wife. I was born with bilateral congenital glaucoma. 

Shortly after birth, the doctors detected that.  At the age of about 40, I finally lost, you 

know, what limited eyesight I had, and there was a slow burn down from birth until then. I 

probably had about 50 operations over the course of that 40 years, attempting to sustain 

that vision. 

The impact of blindness on my life has been significant, of course.  I also had 40 

years to prepare for becoming blind, and so I consider myself to be fairly well adapted, and 

functional. About 4-1/2 year ago, I got connected with the clinical trial of the Orion at 

UCLA.  The Orion is a brain implant for synthetic vision. I would say that the physical impact 

on my life of the Orion is marginal. It is, after all, 1.0.  The psychological impact of the Orion 

on my life has just been significant, and it certainly has allowed me to do a few things I 

wouldn't otherwise have done. 

And the psychological impact of these technologies is not to be minimized.  There 

are about eight months left in the clinical trial, and so far, so good. So, thank you 

everybody. 

DR. NGUYEN:  Thanks so much to Paul and Richard for sharing your stories with us 

today. I would now like to welcome Dr. Michael Repka back, to serve as moderator for the 

next panel on postmarket considerations. 

Dr. Repka. 

DR. REPKA: Thank you. So, this afternoon, we're going to address really, postmarket 

considerations involving both patients, ethicists, and industry, and developers.  We'll 
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include both retinal and audiological implants. 

So joining me on today's panel is Dr. Megan Collins. Megan is an associate professor 

of Ophthalmology at the Wilmer Eye Institute, and associate faculty at the Johns Hopkins 

Berman Institute of Bioethics. 

Also, Mr. Paul D'Addario is a retired database manager who was diagnosed with RP 

at age 27. In 2007 he received the Argus II surgical implant as a participant in a clinical trial. 

In addition, Mr. Lloyd Diamond is a seasoned med-tech executive, and CEO with 30 

years of disruptive technology commercialization.  In life science industry, he currently 

serves as the CEO of Pixium Vision, an advanced clinical stage company in Paris, France. 

In addition, Nilsa Loyo-Berrios, who we heard in the previous session, is an 

epidemiologist currently serving as Acting Associate Director for the Office of Health 

Technologies in the Center for Devices and Radiological Health. 

Dr. Flora Lum is the Vice President of Quality and Data Science for the American 

Academy of Ophthalmology, and oversees their iris registry. 

Mr. Richard McDonald, who you just heard speak, is presently a participant in the 

UCLA trial of the Orion cortical implant. He is in the fifth and final year of that trial. 

In addition, Elicia Pillion, Dr. Pillion is the Hearing Implant Program Manager for 

Audiology and Speech Pathology Center at the Walter Reed National Military Medical 

Center. 

Dr. Arup Roy worked on retinal and cortical implants at Second Sight Medical 

Products for over 18 years. As a Senior Director of Systems R&D, he led the design and 

product development efforts for the Argus II. 
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And lastly, Dr. Eberhart Zrenner is Founding Director of the Institute for Ophthalmic 

Research at the University of Tuebingen, in Germany.  He has led the development of the 

electronic subretinal prosthesis, Alpha IMS and AMS, and has implanted more than 20 RP 

patients. 

So now we'd like to turn to our first questions of the day. I just want to make sure 

that this broadcast is going out.  So the first question for the panel is, considering your 

experience -- and this is really to the patients first and then to the physicians and ethicists. 

Considering your experience with the device after implantation, what information do you 

believe was most important to know in advance, or would you have liked to know at the 

time of the informed consent, to better understand the use? 

This would be both short term and long term, the procedure itself, and what was 

necessary in follow-up.  Well, I'll turn first, in alphabetical order, to Paul, and maybe you 

would want to at least start on that question 

MR. D'ADDARIO: Okay, thank you.  Good afternoon.  Yes, as was stated, I have RP, 

and participated in the clinical trial of the Argus II system. And prior to the surgery to 

implant the system, I was very well informed of the design of the system and how it was 

supposed to work, of the procedures for the surgery, as well as what would be expected of 

me following the surgery, which would include a weekly train trip to Baltimore to learn how 

to use the system and participate in experiments. 

So, thus I was -- I think I had very realistic expectations, and I also had time to 

rearrange my work schedule so I could continue to meet my employer's requirements, and 

meet the commitments of the clinical trial.  Thinking long term a little bit, I -- knowing what 
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I know now, I would have had more and longer discussions about long-term possible 

ramifications for participating in the trial.  And none of us has a crystal ball, of course, but 

knowing for example, would participating exclude me from future clinical trials of this 

device as it advances, or other devices, or even would I still be eligible for surgeries 5, 10, 

15 years after the trial, of other products that would likely come on the market, or if the 

company were to stop developing the item, or the company would go out of business, 

things like that, where would I be then? What would be my options? 

So that's, I guess that's a summary of what I would, how I would answer that 

question. 

DR. REPKA:  Thanks very much. 

Richard, your thoughts, perhaps building on what you've already spoken about. 

MR. McDONALD: All right. Can everybody hear me? 

DR. REPKA:  Yeah. 

MR. McDONALD: Okay, great.  Good afternoon. I think, for short-term purposes, as 

Paul said, I was well informed. And I think that all of my questions and concerns were well 

addressed in the consent process, for the short term. And according to what Paul said, the 

long term is a little bit different. At the time of consent, and even now, it seems vague and 

ambiguous.  What would happen after the trial, say in the long term, if there were a 

medical complication?  Would that be covered by the manufacturer?  Would that be 

covered by my insurance? 

What if the company went defunct? What if the device went defunct? Those 

questions still seem rather vague and ambiguous, the answers to them. And lastly I would 
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say that in the long term, again as Paul mentioned, I would like to know a little bit about, 

what about upgrades?  And I'm not speaking necessarily of the implant itself, but software, 

or the external hardware, would I be eligible for getting those kinds of upgrades?  And I 

don't think I really have any questions about other devices. But I do wonder about, in the 

long term, some kind of biological fix for my eyesight, such as stem cells. 

And so, that's my short and long-term perspective.  Thank you. 

DR. REPKA:  And thanks very much, Richard. 

And I know that Dr. Zrenner was going to comment here about some of the ways 

they've tried to help patients with this. 

So, Dr. Zrenner. 

DR. ZRENNER:  Thank you. Yes, Paul and Richard really lined it out very well, what in 

a way, problems they stumbled in as well, in the very beginning. Because it's, at the end, all 

about risks. And what I would have liked, in retrospect also is to really -- well, we did it, but 

did not develop (indiscernible) finally what other expectations of a patient, and what is the 

outcome at the end, because it's very clear, that in many patients, in our case it was about a 

fourth or a third, there was no useful vision, although there were others who could read 

their (indiscernible) or a piano or something like that, on the street. 

So this (indiscernible) what other expectation, what is the outcome that should be 

better established. And what I also think is a under estimation of patients, what it means to 

do a follow-up study, postmarket surveillance study in terms of time.  And the next point is 

all the training. The training which has to be done afterwards is (indiscernible) of under 

estimated, and should be established right at the beginning. 
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And a final point which probably links to other question is the fact that are these 

rules, there is a registry probably. But the responsibility for the postmarketing surveillance 

is with the manufacturer. So these are usually small companies.  And where is the link 

between the patient and the manufacturer? And that means one has to establish very early 

with the patient, the center who cares, the medical center who cares, is it at the initial 

surgery center, or is it probably a local center? 

And we asked always the patient to take a passport around. (Indiscernible) center is 

your other information is corrected so that if one of the small companies gets defunct, that 

that information can be still forwarded to a registry. But that, they are points we learned, 

that we need to establish in the very beginning. 

DR. REPKA:  Great. So let's move to industry. 

Dr. Diamond. 

DR. DIAMOND:  Thanks, Dr. Repka.  So, I kind of want to echo what's been said, and 

I'm going to speak as a surrogate on behalf of the patients that have participated in our dry 

MD trials just to put a little bit of context.  We now have around 50 patients that date from 

4 years post implantation up to 1 month, in Europe and the U.S. So we think we have a 

fairly good cross section of representation in an older patient population, because the 

indication for our technologies is advanced dry AMD. 

And what I can say is probably there are three consistent comments that we see at 

the time of consenting patients, where there might be question around whether or not they 

participate in the study. Now remember, the patients we're dealing with have residual 

vision, but they have a visual acuity usually of around 20/300 or worse at the time of 
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realize, and I did not realize. I was on the DoD side, as an investigator, and I did not know 

that VA investigators also have strong academic affiliations, so they can leverage applying 

for funding through DoD or through NIH and other funding agencies. 

And that way the science can progress to different stages. So we really work very 

closely with our federal partners, and there's a lot of support in the national office. So for 

example, we have, like most agencies, a tech transfer, robust tech transfer program, but 

they're very familiar with investigators who are not only intramural, within the VA, but 

many of them have academic affiliations. 

And they know how to, early on, help our investigators as they're developing a 

device, formulate the right agreements, so that they're protected, and that they're -- that 

it's beneficial for the academic side as well as for industry. And there are a lot of 

advantages that the tech transfer office has for our investigators.  We also have a center 

that actually was really funded, that helps investigators who are developing devices and 

biomedical therapeutics to help them with the translation process. 

So there is a center that will mentor investigators who may not be familiar with 

partnering with industry.  And that's something that's relatively new.  It started about a 

year and a half ago, and it's been very successful. In addition to that, there are other 

opportunities such as TechLink, a contracting agency that can help facilitate those types of 

collaborations. 

Our central office is really involved with investigators, so they can come to the 

program managers, and even, we can help make those connections. One of the biggest 

challenges is that the VA is a huge system, right.  There are about 100 plus centers that 
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conduct research. But we can help facilitate those connections with other academic 

partners or at least tell them where they can go for the national clinical offices and make 

those introductions so that it can facilitate some of the research moving forward, because 

we want, as we heard today, to hear what is important to veterans, what's important to the 

patients who have visual difficulties. 

We don't want the researchers to start with an invention that's not needed or might 

just miss the target. So early on, it's important to have that connection. I hope I addressed 

your question.  I'm --

DR. HUMAYUN: No, it did.  Thank you very much, and thank you for that great 

information. 

Tony, so coming to you, I mean, just saw the email from you.  The R24s are sort of on 

pause right now, but what else can we do with you? 

DR. GOVER:  Well, I think we have a lot of funding opportunities that are really 

(indiscernible) by NEI investigators.  And Dr. Lee, my colleague pointed many of these out. 

And, you know, I don't think there's necessarily specific obstacles for utilizing these 

resources, but I think sometimes our researchers just simply don't know about them, and 

things are constantly changing, as you just pointed out.  Last week, the R24 was terminated. 

So I'd really advise any of our researchers out there, either new or even very 

experienced researchers, to reach out to me or Dr. Lee.  And we can talk about your 

research, and the opportunities out there.  As Dr. Lee pointed out, we have the blueprint 

(indiscernible) supports device development in the translational space.  That's very much 

under utilized. 
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And we also released with NIBIB, the National Institute of Biomedical Imaging and 

Bioengineering, the bioengineering partnership with industry funding opportunity. And the 

goal of this program is to support technological innovations that deliver new capabilities 

within 5 to 10 years. And this opportunity requires a strategic alliance between academic 

and industrial investigators to really drive technology development. 

And importantly, that industrial partner, unlike our small business program, does not 

have to be a small business.  All for profit organizations are eligible, even if they're large 

business entities.  So this is really a great opportunity for those in the visual prosthesis 

space, so I would invite you to look at the bioengineering partnership funding mechanism. 

And again, please feel free to reach out to me or Dr. Lee with, for more detailed 

information about these opportunities. 

DR. HUMAYUN: Thank you.  Thank you.  Yeah.  We have Sohi only for a limited 

amount of time, so I want to get one question to him before he leaves. 

Sohi, I know how you monitor outputs and milestones of success of grants. Maybe 

you can comment on that process.  How do you monitor these things from the NSF 

standpoint? 

DR. RASTEGAR: So, it's very interesting. I hope everyone appreciated that we cover 

a spectrum of where we enter the funding, whereas Lina explained, VA looks for something 

that will have benefits for the patients, immediately and tangibly.  At NSF, we look at -- we 

look earlier.  We look at earlier phase research, where the clear benefits may not be so 

obvious at the end of the project. 

So that's very important.  And education of future researchers, graduate students 

Free State Reporting, Inc. 
1378 Cape St. Claire Road 

Annapolis, MD 21409 
(410) 974-0947 



 
 

 
  

  
 

 
       

 

      

     

  

      

     

      

       

     

     

          

    

       

      

   

       

        

     

  

     

      

193 

and post-docs is also an important component of what we look at in what we fund. So this 

is the National Science Foundation, so we try to look at the foundation of research 

enterprise for the nation.  That's what we look at. And we look at things that are, that can 

be curiosity driven, earlier, all the way to the applications in the newly-established TIP 

directorate, as I mentioned in the presentation. 

So all of this, and different ones of these will have different criteria for what we call 

the kinds of thing that we look for.  But advancing science and engineering, advancing 

knowledge is really the key criteria that we look at, when we look at projects. 

DR. HUMAYUN: Thank you, thank you.  I know Joeanna, DARPA has a slightly 

different timeline. I've worked with BTO before, and not recently but before. Can you 

comment on how you assess projects and what that timeline looks like? 

DR. ARTHUR: Sure. Yeah, I think this is another aspect that makes DARPA really 

unique, in that straight from the beginning of our like, statement of work, in our contracts, 

there's like plenty of milestones.  As I said in the presentation, DARPA's really metrics 

driven.  And so we set pretty frequent milestones within the contracts, to clearly track, not 

just progress over time but success over each phase. 

And we usually require our technical process updates, at a minimum, once a month, 

depending on the, you know, program managers. You could have them more frequently. 

But I think this tempo really keeps the DARPA projects pushing forward, and you can adjust 

direction and focus on the fly. 

I think another feature of DARPA is our principal investigator, or sometimes in issue 

meetings, an issue base, (indiscernible) where we meet about at least once a year. So all 
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the teams come together to report on their progress and report outs, including pitfalls and 

best practices.  So again, I think, how do we track or monitor the projects is really defined 

by the program metrics. And it's really established in the inception of the programs, not on 

the fly. Thank you. 

DR. HUMAYUN: Yeah, thank you. 

So, Tian or Tony, any further comments on that?  How do you assess progress 

milestones? 

DR. GOVER: Sure. So, you know, the level of monitoring really depends on the type 

of award, and the maturity and complexity of the research being done.  At a minimum, all 

projects at NIH require an annual progress report, that describes the previous year's 

accomplishments, any challenges or issues, products developed, like publications, 

presentation or IP developed.  And of course it provides us with budgetary information. 

Also, regulations require that all organizations require inventions, through the 

interagency Edison system.  Now more complex projects, in cooperative agreements and 

contracts may require additional reports, in-progress review, milestone meetings, and we 

even do site visits.  So all these resources, we have a pretty good idea of the progress that is 

being made with the individual board. 

Now, what we consider to be a success also really depends on the maturity of the 

project, right. So, at a minimum, we inspect investigators to complete the specific aims as 

they provide it in the original application. But for very basic research, we expect to see 

accomplishments, including dissemination of research findings, so publications, 

conferences, information like that.  We also want to see how this work contributed to 
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training of pre-docs and post-docs. 

Now, for more applied or translational research, we do expect to see things like the 

development of intellectual property, milestones such as the submission of, or having pre-

IND or pre-IDE meetings with the FDA, and even submission of IND or IDE packages to the 

FDA.  And as we get more mature, we have milestones.  So our clinical trials have many 

more milestones, and those clinical trials are monitored very, very closely by NEI. So thank 

you. 

DR. HUMAYUN: Thank you. 

Yeah, Tian, it seems like you really agreed with the pre-IDE and sort of advancing you 

through the clinic aspects of measuring how projects are doing. 

DR. WANG: Yes.  And DoD and CDMRP, we are really focused on whether a product 

is viable, and whether a product is set up for commercial success. I think some applicants 

think that DoD has so much money they can fund, basically buy a product, and -- or sustain 

it. And that is not the case. So DoD's expectation is that a product needs to be successful in 

a civilian market.  So we are actually looking a lot of attention on whether there is a good 

regulatory strategy, and not just the regulatory approval but also continued funding, and 

how to -- is there a clear intellectual property, and is there a plan to, you know, transition it 

to clinical testing and industry. 

And of course, as I mentioned earlier, the impact on patients is something we care 

about, so we have a lot of -- in addition to the normal review for clinical trials, and we also 

have -- DoD has specific review for patient subject recruitment.  And in terms of monitoring 

progress, and there are the monitors that -- and there are the monitoring activities that are 

Free State Reporting, Inc. 
1378 Cape St. Claire Road 

Annapolis, MD 21409 
(410) 974-0947 









 
 

 
  

  
 

 
   

      

       

     

     

   

     

     

         

    

      

   

  

    

         

         

      

       

     

     

     

     

199 

and optimize novel approaches.  I'll stop here. 

DR. HUMAYUN:  Thank you very much. Thank you. 

And this concludes our panel. I'll return it to Tieuvi Nguyen now. 

DR. NGUYEN:  Great. Thank you to everyone who participated in that last panel, 

which really provided unique insights into the great opportunities that are available to 

researchers and developers in this device space. 

So this concludes our workshop on expediting innovation of bioelectronic implants 

for vision restoration.  A really big special thanks to all our speakers, moderators and 

panelists for a truly remarkable two days. So just as a quick reminder, that the recording of 

the workshop will be made available on the FDA website in approximately two weeks.  And 

now, with all the amazing information that was shared and discussed these last two days, I 

would like to turn it over to Dr. Malvina Eydelman and Dr. José Sahel for their concluding 

remarks and their discussions on the next steps. 

I think we will start with Dr. Sahel.  Thank you so much. 

DR. SAHEL: Thank you very much.  Well, this has been -- I thought these two days 

would be very long.  It has been very short, actually.  There was so much, such an amount of 

information that we were able to gather, and to hear about, about these past two days. 

First of all, I would like to thank all the speakers, but especially I would like to thank 

the organization.  The group at the FDA really provided an amazing amount of information 

to all of us, and was able to really prepare. But I want especially to mention Nilsa and 

especially Michelle, because Michelle, you heard her yesterday, but her contribution and 

the amount of information she provided during this (indiscernible) to prepare, and the way 
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